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F o r e w o r d
T his is the latest issue of  “Science and Technology Trends     Quarterly Review”.
N ational Institute of Science and Technology Policy (NISTEP) established Science and Technology Foresight Center (STFC) in January 2001 to deepen 
analysis with inputting state-of-the-art science and technology trends.  The mission 
of the center is to support national science and technology policy by providing 
policy makers with timely and comprehensive knowledge of important science and 
technology in Japan and in the world.
S TFC has conducted regular surveys with support of around 2000 experts in the industrial, academic and public sectors who provide us with their information 
and opinions through STFC’s expert network  system.  STFC has been publishing 
“Science and Technology Trends” (Japanese version) every month since April 2001. 
The first part of this monthly report introduces the latest topics in life science, ICT, 
environment, nanotechnology, materials science etc.  that are collected through 
the expert network.  The second part carries insight analysis by STFC researchers, 
which covers not only technological trends in specific areas but also other issues 
including government R&D budget and foreign countries’ S&T policy.  STFC also 
conducts foresight surveys periodically.
T his quarterly review is the English version of insight analysis derived from recent three issues of “Science and Technology Trends” written in Japanese, 
and will be published every three month in principle.  You can also see them on the 
NISTEP website.
W e hope this could be useful to you and appreciate your comments and advices.
Dr.  Kumi  OKUWADA
Director, Science and Technology Foresight Center
National Institute of Science and Technology Policy
NISTEP has moved to a new office
Contact
information
Science and Technology Foresight Center
National Institute of Science and Technology Policy
Ministry of Education, Culture Sports, Science and Technology (MEXT)
3-2-2, Kasumigaseki, Chiyoda-ku, Tokyo 100-0013, Japan
Telephone  +81-3-3581-0605    Facsimile  +81-3-3503-3996
URL  http://www.nistep.go.jp/index-e.html
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E x e c u t i v e  S u m m a r y
   People are forced to the burden unreasonable ratio of medical care expenses 
by increase of the life-style related diseases and recent eating habits. As a result, 
the relation between foods and health gains a lot of attention. It is a big issue for 
Japan, as an aging society in the future, to guarantee longer healthy life, therefore, 
people’s expectation to foods is also considerable for its functions of disease 
prevention and health promotion. In addition, reduction of medical expenditure 
has also been expected as a result of prevention of diseases and health promotion 
by foods in terms of medical economics. 
   To challenge these issues, there is an attempt of the society to change the 
mindset from "medical care with medicines” to “active prevention of diseases 
with foods” as a countermeasure against life-style related diseases based on 
the concept of Japanese thinking on life originally from China “Ishoku Dogen, 
Healthy Eating to Prevent Disease”. This is called Nutraceuticals, as a newly 
established concept of functional foods to prevent diseases, as it was named as a 
mixture of two words: Nutrition and Pharmaceuticals.
   One of the basic technology for Nutraceuticals is Nutrigenomics (nutrient 
genomics) making the best use of recent genome technologies to assess and review 
the functions and safety of foods. Analysis of medical function and evidence of 
foods and its compositions are now feasible by using biological markers and new 
technologies for drug development at the level of protein and gene expression. 
Furthermore, it is also expected to having personalized information on the 
disease risk or allergic behavior, for example, by using SNPs (Single Nucleotide 
Polymorphisms) technology which shows the personal genomic difference even 
when having the same amount of same food.
   The Ministry of Education started the scientific study of "functional foods" in 
Japan in 984, which was followed by a solution of " Specially designated health 
food in 1991, which is the world first concept of disease prevention by food. It was 
covered by Nature, the famous academic journal in England as "physiologically 
functional food” to be a new food category to support people’s health in the future 
to be acknowledged.  In Japan, industry and academia have been producing the 
products of Nutraceuticals in the market for practical use, whilst the research and 
development also started in Europe and in the United States.
   By taking into consideration the future impacts, the following are necessary 
for future fundamental research and development: 1) establishment of scientific 
assessment standard for prevention of diseases, 2) establishment of assessment 
system for disease prevention by human trials and ) establishment of seamless 
system to transfer stage from basic research to industrialization.
 (Original Japanese version: published in February 2008)
1 Research and Technology Trends of Nutraceuticals p.10
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   As global environmental changes become more of a reality, Japan has declared 
to face the problems squarely, as part of the “Becoming a Leading Environmental 
Nation Strategy in the 2st Century”. The IPCC’s (Intergovernmental Panel on 
Climate Change) Fourth Assessment Report released in February 2007, concluded 
that global warming has occurred in the Earth’s climate system. It can also be said 
with certainty that an increase of anthropogenic greenhouse gases has caused this 
warming effect. The IPPC’ first assessment report of 990 stated that “it takes 
0 years to detect warming caused by greenhouse gases”. However, in reality 
it has taken 5 years to detect it.  Natural phenomena, such as ocean currents, 
go through cycles which can last for 0 to 20 years and therefore, observations 
must be done for periods which are longer than these cycles. This is the result 
of accumulating of observation data over a long period within an internationally 
cooperative framework. 
   Up to now, the global warming prediction has been done by model experiments 
focused on 00 years from now, which would be around the end of the 2st 
Century. However, it can be said that what people really want to know is “what 
the effects will be within my lifetime, my children’s lifetime, and in spans of 20 
to 0 years from now?”. Taking into consideration of such time scales, the next 
report will require more accurate high-resolution prediction. Yet still, predictions 
based on models are limited to being surmises unless verified, and therefore they 
are no grounds for being applicable to a new policy. To increase the accuracy, it 
is necessary to collect accurate high-resolution data, which is applicable to the 
models. One way to accomplish this is “data assimilation” with the aim to include 
time and irregular observation variables into the General Ocean Circulation 
Model. Data Assimilation makes it possible to provide data based on observation 
values for areas where there are no current observation values, and this will allow 
for a more accurate image of the global oceans.    
   For ascertaining the picture of the global oceans, several ocean monitoring 
projects such as the Argo Project, International Repeat Hydrography and Carbon 
Project and the TRITON Buoy Project have been implemented. However, for 
monitoring the vast and constantly changing oceans, there is no choice but to 
work on such projects for long spans of time.  It is believed that operating a long-
term observation project, as well as “Data Assimilation”, all the while continually 
providing global ocean observation data would require an increase in budget. 
By merging existing Ocean Monitoring projects, we can minimize the necessary 
budget costs, and contribute greatly to GEOSS. To continuously monitor the 
picture of the world’s oceans, there is a need to secure funding for sustaining a 
Global Ocean Monitoring System that integrates both ocean observation and data 
assimilation.
(Original Japanese version: published in January 2008)
Environmental
Sciences
2 Oceanographic Observations in the 21
st 
Century indispensable for the Prediction of 
Global Change p.23
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  The IPCC (Intergovernmental Panel on Climate Change) 4th Assessment Report 
publicized from February through May 2007 concluded that Global Warming is 
caused by man-made greenhouse gases. It also mentioned that the major objective 
facing Global Warming is entering a new phase from “defining the factors” to 
applying “countermeasures”. 
   In recent years, Europe and the USA have been the core of active 
implementation for establishing the new interdisciplinary and integrated academic 
field known as “Sustainability Science”. Sustainability Science aims to define 
the mechanisms of complicated issues concerning global scale ecosystem, 
social system and solve them, such as Global Warming problems primarily from 
the point of “sustainability”. Its research subjects include the various global 
scale issues which have come up, including the overall fundamental threats of 
mankind’s existence, such as Global Warming. It is an indispensable integrated 
approach, which crosses the field boundaries of natural science, social science and 
humanities.  
   In the US, where the concept of Sustainability Science was proposed, various 
bodies such as the Federal Government, State Governments and private 
organizations contribute funding, and many research programs are in progress 
as the universities are beginning to take the lead. In Europe, mainly in the 
UK, Sweden and Holland, many programs are proceeding for the same type 
of research. In Japan, five local universities including the University of Tokyo 
have taken the lead. The Integrated Research System for Sustainability Science 
(IRS) was started in 2005 and it promotes the integrated flagship projects 
of Sustainability Science with six cooperative organizations. However, when 
comparing the contribution of Japanese researchers and the total ratio of Japanese 
theses to other countries in the IPCC Assessment Report, there is not a sufficient 
presence in the integrated field which aims to solve problems which are the 
subjects of the 2nd Theory-Oriented Research Group, such as effects, adaptations 
and vulnerability.
   The “rd Basic Plan of Science and Technology” set four major fields for 
promoting environment fields. As of now, integrated promotion systems such as 
initiatives had been settled between the 2nd Basic Plan, have not been started, 
despite the fact that “Solving Global Warming and Energy Problems” is the main 
issue in the promotion strategies by field.  
   While the Global Warming problems cannot be solved by the partial optimization 
of individual phenomenon, single regions, and technology, it is crucial to develop 
Sustainability Science which aims for comprehensive knowledge and integrated 
approaches against global scale issues. The following five items are proposal for 
developing a new fusion fields, Sustainability Science in Japan in the future:
() Promote problem solving based research and accumulate knowledge centering  
on the universities
(2) Utilize private sector activity and secure various career paths 
() Improve Japanese presence in international research communities through new 
research initiatives
3
Research Trends of Sustainability Science on 
the Global Warming Problems
- Issues on the Japan Contribution in the IPCC 
4th Assessment Report -
p.35
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4 Research and Development Trends of Solar Cell for Highly Efficiency p.57
   The solar photovoltaic generation system allows for the effective use of 
often unused solar energy, and offers simple maintenance, less noise, higher 
safety levels, less CO2 emissions for each unit electric power generation, and 
many other advantages when compared with other power generation systems. 
The photovoltaic power generation market, which has been lead by Japan and 
Germany, is presumed to expand throughout the world in the future. 
   Solar photovoltaic systems have advanced and become more common as a 
result of industrial development efforts and the introduction of public subsidies. 
However, its cost remains uncompetitive to existing electricity sources such as 
thermal and nuclear energy.  It seems the price for each unit of electric-power-
generating crystalline silicon solar cells, which account for 90 percent of the solar 
cells available in the market, has decreased to its minimum level. This is due to 
the sudden price increase of silicon and to the fact that the conversion efficiency 
of solar light has approached its theoretical limitation in recent years.  
   In addition, the current industrial structure of crystalline silicon solar cell is a so-
called “upstream” process, in which refinements of the material and silicon wafer 
production take up a majority of the production cost. As a result, the technology-
based solar cell manufacturers who want to seek more added-value in the 
downstream process are now focusing on the more technologically challenging 
task of developing thin film and tandem solar cells, which could save their 
material costs. In particular, the tandem solar cell has two or more semiconductors 
in layers, which is expected to achieve theoretical efficiency that exceeds the 
single-junction type solar cells which consist of semiconductor monolayer. 
Aiming to develop a more efficient solar cell, various manufacturers from 
Japan, Germany, the United States and China have engaged in a developmental 
competition, utilizing their varying and original strong points.
   Meanwhile, the researches for the Quantum Dot solar cells, known as the third 
generation solar cell, have begun a new wave of solar cell development. If the 
quantum dot is applied to the solar cell, some of the possible achievements and 
advantages are: () reduction of the migration energy loss through adjustment 
of the Quantum Dot size, (2) increase in the number of carriers as a result of 
the increase of the energy relaxation time in atoms, and () reduction of mobile 
energy loss for carriers by the formation of a mini-band. However, most of the 
technology has been achieved in terms of theory or partly from experiments, and 
there are still many research topics remaining to overcome. It is especially difficult 
to arrange quantum dots on a regular and stable manner. 
   In Japan, the industries which have lead the development of solar cells up to 
now, are currently in a fierce development competition, and have invested funding 
and human resources for thin film and tandem type solar cells.  This may cause 
a decrease in innovative research in a long-term point of view.  The universities 
and the government researchers should work in cooperation with the industries, 
Nanotechnology
and
Materials
(4) Benchmark developing countries which direct international opinions and 
establish international cooperation research networks
(5) Enforce the integration of associated ministries and departments which engage 
in international cooperation projects in the environment field.
(Original Japanese version: published in March 2008)
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5 Activities on Social Acceptance of Nanotechnology p.75
   On the one hand nanotechnology is an emerging technology that is expected to 
bring huge benefits to society, but on the other there are concerns about its social 
implications including its health and environmental risks. There have been no 
apparent risks pointed out, but like the precedent of GMO, Genetically-Modified 
Organisms, not only researchers and risk experts but even a part of the citizenry 
are concerned about them. Under this situation, the proactive participation of 
people on research and development side in activities on the social acceptance 
of nanotechnology is recognized, which is not seen in the case of the former 
emerging technologies. 
   Issues on social implications of nanotechnology could be broadly divided into 
two groups: environmental, health and safety issues and ethical, legal and societal 
issues. At present, the most important issue is the assessment and management of 
the health and environmental risks of nanomaterials. Nanomaterials are generally 
defined as industrially-produced materials whose dimensions (grain size, cross-
section diameter, membrane thickness, etc.) are smaller than 00 nm. The three 
targets raised that are vulnerable to risk are workers (including researchers), 
consumers and the environment. Within the three the one with the highest 
probability of exposure are workers, and presently most of the projects underway 
are focusing on the safety and health of workers. It is worldwide recognized that 
not hazards but risks of nanomaterials should be managed as well as conventional 
chemical substances. This means that the risks of nanomaterilas can be reduced 
by reducing exposure even if their hazards are large. There has not been enough 
data amassed for the quantitative risk assessment necessary for the establishment 
of guidelines or regulations, within all realistic health and safety measures it is 
sought that the implementation of the best practice should be recommended until 
the time.
   Activities on the social acceptance of nanotechnology first began in the United 
States, and then continued in Europe and Japan. The importance of international 
cooperation on risk assessment is recognized, and proactive discussions in existing 
international organizations are proceeding.
  The National Science Foundation’s Dr. Roco has pointed out the current 
recognition of the potential risks of nanotechnology in the future by dividing the 
perspective of nanotechnology into four generations and showing its risks in each 
generation, respectively. Risks in the first generation (before 2000) includes what 
can be induced by nanomaterials unintentionally taken into living bodies or the 
environment, whose assessment and management framework should be based 
on the existing one for chemical substances. However, discussion on potential 
risk in the second generation (around from 2000 to 2005) or later has been just 
started. Regarding the ethical, legal and societal issues, activities are in the phase 
of specifying issues and organizing them through activities such as technology 
assessment and citizens’ panels coordinated mainly by social scientists.
   Currently in Japan, projects on nanomaterials risk assessment research have 
been vigorously promoted. However, since the end of the project by Special 
and devote their energy to strengthening basic research and the human resource 
training.  This is a strong desire of the industrial world.  
(Original Japanese version: published in January 2008)
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6
Interoperability of Information and 
Communication System for Disaster 
Prevention and Mitigation p.88
   In terms of disaster prevention and mitigation it is important to use various 
information related to disasters such as hazard maps and disaster-projection charts 
in effective ways in various scenes in need of self-reliance, cooperation and 
public assistance. Innovation 25, the long term strategic guidelines determined 
by the Cabinet on June , 2007, noted the importance of “establishment of the IT 
communications to provide various information of disaster to people as well as 
for disaster prevention” aiming a “safe and secure society” as one of the “Social 
Responsibility Acceleration Project”. Central and local governments, companies 
and regional communities are in the process to create the IT communication 
system for a variety of disaster prevention and mitigation. 
   To the contrary, from the viewpoint of studying and designing future disaster 
prevention and mitigation measures, two points should be pursued particularly 
“Integrated Use of Information” for countermeasures against multi-hazard/multi-
risk an “linkage of information” to ensure the reliability of information. To fulfill 
these requirements, it would be effective to standardize the interface between 
various information systems and have an “interoperable” system to allow users to 
integrate various information available in the society in a dynamic way, not using 
a conventional one-direction operational system. For instance, it would be possible 
to consider a mutual cooperation type disaster prevention and mitigation measures 
based on the difference of recognitions of citizens and administrative bodies by 
integrating various disaster related information provided by the administrative 
bodies to a system which is used by citizens for their regional activities. By 
“linking” the stand-alone disaster information systems, the update information 
will always be available to use. Therefore, an environment is established for 
all the latest information to be available to anybody on any system. It would 
also pave the way to create a concept called “User Innovation” which provides 
new and unique ways to use various information by combining it. Although 
technical development and organizational examination towards interoperability of 
information is being advanced by public research institutes and business entities, 
presently many of those projects are all preceded per information. Thus, it is 
necessary to link the projects for exchanging information in the future.
   For Interoperability, it is necessary to create a guideline concerning information 
provision to promote positive actions of various organizations or entities to 
make the current disaster prevention information system cope with the new 
integrated system as needed basis. Furthermore, in order to realize disaster 
prevention/mitigation measures using this disaster information system, it is 
necessary to conduct research and development activities to achieve an effective 
Coordination Funds for Promoting Science and Technology of the Ministry 
of Education, Culture, Sports Science and Technology in FY200, the core of 
communication among industry, government, academia and NGOs has been lost, 
and continued divergence can be seen. To improve this situation, the establishment 
of a platform which provides comprehensive and continuous supports for activities 
on the social acceptance of nanotechnology is firstly demanded. Secondly, 
comprehensive strategy should be prepared for various international discussions.
 (Original Japanese version: published in March 2008)
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implementation measures and service systems. It is also necessary to create a 
social system and information service guidelines to promote this trend. Moreover, 
the ultimate goal of information providers should not be the realization of an 
information provision and system, but should support the way for information 
available to be used in an appropriate manner. On the other hand, information 
users should use the mutual operation system of disaster prevention information 
systems in principle, as well as to effectively conduct disaster prevention activities 
on the policy of self-reliance, cooperation and public assistance.
(Original Japanese version:publishd in February 2008)
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Research and Technology Trends of Nutraceuticals
YOSHIHIKO SUMI
Affiliated Fellow
1 Introduction
1-1  Needs of prophylactic medicine
   In recently years, the increase of so-called life-
style related diseases, such as diabetes mellitus 
and obesity. have been referred as social issues 
which leads to the loss of QOL (Quality of Life) 
and increases in medical care expenses. On the 
other hand, to positively guarantee elongation of 
a healthy life expectancy in an aging society is a 
significant social issue in Japan.
   As a solution to the issue, there has been an 
attempt to create a society for healthy aging, 
by shifting the way of thinking away from life-
style related diseases and “treatment by drugs" to 
“positive prevention of disease by food", based on 
the concept of "Ishoku Dogen, Healthy Eating to 
Prevent Disease". [1-4]
1-2   Concept of nutraceuticals 
   In the pharmaceutical development process, it is a 
requirement to have clinical test results from animal 
tests and studies, for verification of the effects. On 
the other hand, in the case of nutrition, there was 
no verification method for foods in preventing 
diseases in the past. In recent years however, as 
food composition has been scientifically proven to 
cause life style-related diseases, and has become 
a social issue. The concept of Nutraceuticals has 
started to be acknowledged as one of the measures 
for preventing such diseases.[2,5-10] (Figure 1)
Figure 1 : Concept of nutraceuticals
Source: Reference[10]
Term, Nutraceuticals was created from two wards Nutrition and Pharmaceuticals 
by Stephan DeFelice in 1989
Nutrition
Required for 
health
Pharmaceuticals
Remedy for 
sickness/injury
+
Nutraceuticals
Preventative medical 
approach
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1-3   Procedure for nutrigenomics
   Nutraceuticals, the new concept of food with a 
new function to prevent diseases, was started by 
the combination of genome science and technology, 
which has been accomplishing remarkable 
development for the verification. Thus, the genome 
technique called Nutrigenomics (nourishment 
genome science) was created. Nutrigenomics is 
newly developed methodology combined with 
multiple genomic techniques and molecular 
biology technologies, as shown in Figure 2. It has 
been then used as a basic technology that became a 
driving force for the creation of Nutraceuticals. [11-13]
   In the field of the pharmaceutical development, 
biomarkers such as proteins levels and gene 
expression show the reaction to medicines, and is 
measured to verify the medicinal effects of drugs. 
Nutrigenomics technology role is to verify the 
medical effects of food and food composition, 
by linking with the biomarkers at an early stage 
at a level of protein and gene expression.  It is 
now possible to determine the biomarker for 
each physiological function related to disease 
which should be prevented in order to study 
the mechanism for preventing the diseases, and 
to determine the amount of food necessary for 
a person to have a preventive effect towards 
diseases. As of now, this is only for the assessment 
of individual Nutraceuticals. Meanwhile, if it is 
possible to designate target biomarkers in order 
to prevent the same disease, or to standardize 
the assessments to have a uniform criterion, the 
assessment results will be further objective. It is 
now essential to create such a mechanism to realize 
this.  
   Fur thermore ,  var ious  d isorders  can be 
Figure 2 : Nutorigenomics technology (concept)
Prepared by the STFC based on Reference[12]
Nutorigenomics is a technology involved in various academic fields as shown 
above,  for scientif ic analysis of the relationship between food and food 
ingredients and health care and disease prevention
Figure 3: Function food
Source: Reference[10]
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2
predicted indivisually, including the difference 
of susceptibility or the difference of disease risk, 
and the effectiveness of drugs by analyzing the 
SNPs (Single Nucleotide Polymorphisms,: single 
nucleotide mutation), which represents personal 
variation of genomes. Therefore, it is thought in the 
future that more personalized information on food 
functions can be provided for disease prevention, 
in correspondence with individual differences 
of genome. Accordingly, development of the 
Nutrigenomics technology is expected to highly 
contribute to the realization of disease prevention 
by foods, along with Nutraceuticals, as individuals 
are able to obtain detailed food information 
effective for their health.
Current status of           
nutraceuticals in Japan   
2-1   Food with function claims
   In 184, the Education Ministry (currently 
Ministry of Education, Culture, Sports, Science 
and Technology) launched the project “Systematic 
Analysis of Food Functions” as a special project 
by a Research Grant Study Group. This project is 
the world’s first proposal of the effects of food on 
human bodies as a “Function”,especially through 
the research on prevention of life-style related 
diseases. [2-4,13,14]
   With advancement of “functional food” research, 
"Functional Foods (Tokutei Hoken-yo Shokuhin; 
“TOKUHO” in short Japanese" or Food for 
Specified Health Uses; FOSHU" was put into effect 
in 11.
   In 13, when Shiseido marketed rice with 
less allergens, as the first product of TOKUHO, 
“Nature”,world famous English academic 
journal, introduced in the article “Physiologically 
functional food” as a brand-new food concept from 
Japan.[15] It had a big impact and “Functional Food” 
was acknowledged internationally as a future food 
category for human health. In 2002,“standardized 
Food with Nutrient Function Claims;FNFC" 
was set up in addition to the existing FOSHU 
(TOKUHO) foods. FOSHU and FNFC have 
become the main elements in the current policy of 
“Food with Function Claims. (Figure 3) 
   FOSHU must undergo application for every 
individual product, and must be evaluated as 
effective and safe by a committee of experts, to 
be permitted to be displayed as "TOKUHO". 
The conditions for permission are the confirmed 
effectiveness and safety through tests of the 
human body and quantitative data of the functional 
ingredient.
   Furthermore, TOKUHO was followed by 
"Standardized FOSHU”,“Disease Risk Reduction 
FOSHU” and “Limited Conditional FOSHU” 
at the time of revision in February, 2005. The 
concept of “Disease Risk Reduction FOSHU” 
is to specifically designate the foods which are 
medically and nutritionally proven to reduce the 
risk of diseases. This is one of the measures for 
stepping forward with disease prevention, however, 
there are only two kinds of elements designated 
in this category at the moment; calcium and folic 
acid."Standardized FOSHU”is the food on which 
has received permission, after evaluating whether 
the ingredients comply with the standards set by 
the authority. The standards are based on the pre-
set standards concerning ingredients that have been 
proven to function by sufficient scientific reasons. 
There is no individual assessment of the target 
required. Several kinds of ingredients including 
dietary fiber and oligosaccharide fall into this 
category. In the contrast,“Limited Conditional 
FOSHU” is for foods permitted with the condition 
that it should have a label to represent the limited 
scientific evidence of ingredient effectiveness, even 
though it is insufficiently backed-up by scientific 
data. (Table 1)
   As for FOSHU (TOKUHO), 752 items are now 
authorized and listed as of December 2007. This 
shows that TOKUHO has been penetrating the 
Japanese market.
   Meanwhile, "FNFC" lists only five kinds of 
minerals and 12 kinds of nutrients. These foods are 
sold in the market with a label for each functional 
nutrient. (Table 2)
   FOSHU(TOKUHO)and  FNFC are  now 
internationally acknowledged as global standards 
for nutritious functional foods. 
   From the disease prevention point of view, 
“Disease Risk Reduction FOSHU” is thought to be 
the best suited for the purpose of Nutraceuticals. 
However, the foods which are authorized in this 
category are only calcium and folic acid at the 
moment, and so that it is still insufficient to obtain 
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effective evidence from the human trials in Japan.
Nutraceuticals research in Japan 
3-1   Research on analysis and systematization 
of non-trophic functions of food 
   As the basic study of food ingredient functions 
and its roles in Japan, “Research concerning 
Analysis and Systematization of Non-trophic 
Functions of Food” (2000-2004) is one of the most 
advanced examples of Nutraceuticals research 
in Japan, and it is funded by the Ministry of 
Education, Culture, Sports, Science and Technology 
Technical Promoting Adjustment Expense. 
Professor Soichi Arai of Faculty of Agriculture of 
Tokyo University and his group made of a scientific 
evaluation of various non-nutritious ingredients of 
food, such as flavonoids, carotenoids and peptides, 
and then created useful databases. This assessment 
started in 2000. [17](Table 3)
   At first, the expected effects of taking functional 
ingredients, such as anti oxidation, bone formation / 
absorption, glucose incorporation, influence to 
immune system, influence to carcinogenic rate of 
a patient with cirrhosis, liver enzyme induction, 
learning and biophylaxis factor, were chosen 
for assessment and verification.  However, a big 
problem which was found out was that sufficient 
verification was not possible for prevention of 
diseases such as  anti-inflammation action, diabetic 
control, anti-cancer action and the improvement of 
the study, because the number of biomarkers, for 
example, the blood proteins which were proven to 
have direct effects to prevention of diseases, was 
too little to judge the overall effects.
   During the intermediate stage of the research, it 
was realized that the attempt to analyze the function 
of non-nourishment materials in food should not 
be done by investigating individual biomarkers, 
but by using a more comprehensive analysis, such 
as utilizing serum proteome metaborome, which in 
the future will be able to handle proteins in bulks. 
This resulted in the conclusion that Nutrigenomics 
technology needed to be further developed.
3
Category Definition of category Ingredients
FOSHU 
The food with labels to displays the function 
for those who intends to take it for specific 
purposes in diet.
FOSHU
 (disease risk reduction)
Specific Function Food authorized to 
display a label of disease risk controlled 
when the risk control ingredient of the food 
is verified from the viewpoints of medicine 
and nutrition
Calcium (whish should be specified as an 
additive in Food Additive Definition etc, and 
has fully been proved to have the function
Folic Acid (PteGlu acid)
FOSHU
(Standardized)
Specific Function Food authorized upon 
evaluation of the compatibility to the 
standard by Secretariat, without individual 
evaluation of the Council. This is based 
on the standard of ingredients which the 
scientific data has sufficiently accumulated 
as it is proven to be appropriate as Specific 
Function Food
Dietary fiber: indigestibility dextrin, 
polydextrose, guar gum catabolite
Oligosaccharide:  galacto-oligosaccharide, 
fructo oligosaccharide, lac ankle 
oligosaccharide, galacto-oligo glucose, 
xyleorigo glucose, isomaltooligosaccharide
Limited Conditional FOSHU
Food, not meeting the scientific proof level 
of effectiveness requirements of Specific 
Function Food but a certain effectiveness 
has been verified. It is authorized with 
conditions as long as it has a label to show 
the limited function.
Prepared by the STFC based on Reference[16]
Table 1 : Food for specified health uses (FOSHU)
About a system Nutrient
Food with Nutrient Function Claims
FNFC
is a food product with labels to show its 
nutrition. To be a nutrient function food for 
sale, it is necessary for the food to contain 
a certain amount of nutrition in the intake 
per day within the lower/upper limit, as well 
as to have a notice of its risk.
Zinc, calcium, iron, copper, niacin, pantothenic 
acid, biotin, vitamin A, β - carotene, vitamin 
B1, vitamin B2, vitamin B6, vitamin B12, 
vitamin C, vitamin E, folic acid
Table 2 : Food with nutrient function claims (FNFC)
 Prepared by the STFC based on Reference[16]
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   Moreover, the effectiveness and safety data 
obtained through the process above, should 
be standardized through the examination and 
evaluation by specialists. It will also need highly 
reliable evidence, and should be open to public.
   In order to discover the new functionality of 
foods and the importance of scientific proof of 
effectiveness of functional food ingredients, it 
is necessary to promptly apply the technique of 
Nutrigenomics. This database will be the key for 
the development of Nuraceuticals in the future. 
3-2   Cooperative research with industries 
   Nutraceuticals are food products addressed 
to public and consumed by ordinal people, 
therefore, collaboration and technology transfer 
to various foods and food related companies is 
essential. It is also thought that the participation 
of pharmaceutical manufacturers and its affiliated 
companies,  is  also essential  for  advanced 
evaluations of the effect and safety to the human 
body. Accordingly, a contribution course by 
the International Life Sciences Institute, ILSI 
"Functional food genomics" (Functional Food 
Science and Nutrigenomics) was founded by The 
University of Tokyo graduate school Agricultural 
Life Science Research Course, for the aspects of 
industrialization and practical use of Nutraceuticals 
for the period of December, 2002 to November, 
2008. 
   Thirty-two food companies are participating in 
this program, as well as industry-academia projects 
led by Professor Keiko Abe. Specifically, each 
company is trying to examine the variation and 
clarify the function of the gene expression level 
by the intake of food elements, such as proteins 
and amino acids, which they are interested in 
developing They have also started to create a 
shared database linked with the gene expressions 
obtained from food functions and DNA chips. [18] 
The industry-academia projects have gained a lot 
of attentions globally, as it is aimed at thoroughly 
evaluating the overall function and safety of food 
and food ingredients, and assuring the foundation 
for quality design and quality control. 
3-3   Scientific evaluation in human
   It is essential to obtain data of disease prevention, 
by showing the effectiveness in human for 
developing Nutraceuticals. In order to achieve 
this, it is necessary to prepare teams similar to 
pharmaceutical development, such as selection of 
biomarkers and end point, creation of the standard 
protocols for the examination, recruitment of 
appropriate examinees, and objective evaluation by 
medical doctors. Unfortunately, it is notable that 
Japan is lags behind other countries in terms of 
Nutraceuticals development. 
   Professor  Toshikazu Yoshikawa of  the 
Department of Medicine at Kyoto Prefectural 
University Professor Soichi Arai of Tokyo 
University of Agriculture and others are taking the 
lead to establish the "Society for the Function of 
Food and Exercise",which was established in 2006. 
The purposes of this association are to study the 
relationship between food and medical functions by 
advanced technologies, to develop new functional 
foods which contribute to health maintenance for 
people and to develop physical programs suitable 
for various age and health conditions. A cluster 
system for industrial development will be created 
based on the above activities. Specifically, this 
is to create a database by using Nutrigenomics, 
for example, by collecting information about the 
scientific effectiveness using biomarkers related to 
food.(Table 4)
Item Description
Research on the functions of non-trophic material 
included in food
1)  Extraction/measurement/function assessment of non-trophic material
     New methodology of functionality and safety, especially introduction of
     Genomics
     (Phase 2: to be an independence item from the second stage) 
2)  Research concerning the amount of flavonoid, and polyphenol, and its 
     function 
3)  Research concerning the amount and function of terpenoid and carotenoid 
4)  Research concerning the amount and function of sulfur containing 
     compound, volatile ingredient and spice
5)  Research concerning the amount and function of peptides 
Research on database of non-trophic material 
included in food
1)  Research concerning  non-trophic materials for mutual reaction→
     Effectiveness 
2)  Non-trophic materials integrated database creation/disclosure→ Safety
Table 3 : Research on analysis and systematization of the non-trophic functions of food
Source: Reference[17]
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   The "Society of Functionality Research of Food 
and Movement" started to acquire scientific data 
of functional foods on human body by collecting 
various functional foods from the industry in 2007. 
This is an activity to analyze the potential of foods 
by medical doctors and academic researchers. They 
received 15 entries and 5 items (5 companies) 
were selected for further assessment. Currently, 
it is scheduled to form 5 assessment teams, in 
collaboration with Japan Physicians Association, 
to create specific assessment programs and 
tests for scientific evidence using volunteers in 
2008.[20] In addition, the "Healthy Food Material 
Evaluation Committee" has been formed, based on 
the achievement of the projects, for the research 
and development, evaluation, and creation of the 
information systems.
Nutraceuticals research in 
Europe
 
  In  Europe ,  many count r ies  such  as  the 
Netherlands, France, Germany, Belgium and 
Spain place emphasis on agriculture. Above all, 
in the Netherlands, dairy products and beer have 
a long history of food processing / fermentation 
technology, which makes this country one of the 
prominent food industry countries in Europe. For 
example, the amount of exported farm products 
such as meat, dairy products, grain, seed, food and 
beverage products, and tobacco and its processed 
products, is in second place in the world.[21] Above 
all, dairy products and beer are tops in the world. 
   The Netherlands is competitive in regards 
to advanced technologies, as they have a wide 
range of knowledge, know-how, experiences, and 
supports, from basic research to industrialization 
for processing and fermentation technologies 
for foods, dairy products, and beer.[21] In the 
Netherlands, “Food Valley” is the largest scale 
food products cluster in Wageningen. The 
Nutrigenomics Institute of the nourishment genome 
research center in Europe also works in this city. 
This is a place for research for the European food 
industry. This document introduces examples 
of the Nutraceuticals research and development 
in Europe, referring to the case studies of the 
Netherlands.
4-1 Food valley in the Netherlands
   The Agriculture Ministry of the Netherlands 
integrated the Wageningen Agricultural University 
and Institute of Technology of Agricultural 
Ministry, to establish Wageningen University 
(Wageningen UR: Wageningen University and 
Research Center) in 188, for focusing on the 
research and development of food. [22] On the other 
hand, Wageningen Center for Food Science was 
established in 17 by Ministry of Economic 
Affairs in Wageningen as a center of activation 
for the food industry. [23] Both organizations are 
strongly supported by the government of the 
Netherlands.
   When Wageningen University and Wageningen 
Nutrition Center were established, a strong research 
infrastructure for the application was formed 
concerning food in this country. In addition to this, 
the organizations supporting industrialization and 
technological transfers such as TNO Nutrition & 
Food Research and NIZO Food Research made a 
partnership, therefore, the technological transfer 
and industrialization of advanced technologies 
have been conducted continuously. Afterwards, 
many food companies have come to the city to 
create Food Valley, thus, enterprises, administration 
and technical institutes could work in cooperation 
Purpose
New industries are to be created through collection and database of various information of scientific evidences 
concerning  the physiological function and the health care related to food (especially, functional food materials) 
by making best use of advanced technologies (genomics, proteomics, and metabolomics) 
Contents of
research
1)  Research of functionality and safety of side goods involved in human health
2)  Clarification of fundamental molecular mechanism concerning health care and disease prevention of food 
and ingredients
3)  Research concerning the relationship between nutrition intake and health associated with genes
4)  Development and application of the biomarkers to clarify functionality and risk
5)  Scientific elucidation of health care by exercise and establishment of individual exercise menu
6)  Evaluation and development of health care and exercise supporting tool
Table 4 : Purpose and research items of society of functionality research of food and movement
Source: Reference[1]
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to make the largest food research and development 
cluster in Europe. Thus, this city became a place of 
innovation for new food companies. [24-26](Table 5)
4-2 TNO nutrition & food research
   TNO of the Netherlands is the largest general 
contracting institution in Europe, and was 
established in 132 for application studies in the 
science and technology fields. The total number of 
staff is more than 5,000. The five research areas 
cover: (1) Quality of Life, (2) Defense and Public 
Safety, (3) Natural and Built Environment, (4) 
Advanced Products, (5) Process Systems and (6) 
ICT and Services. Amongst these, the Quality of 
Life department is working on nourishing food 
products, mainly for technology transfers upon 
contract with industrial companies. In particular, 
applicability and toxicity tests are conducted for 
nourishing food products. They provide assessment 
services for  new food product  safety,  the 
applicability for functional foods. In addition, they 
submit the necessary paperworks for registration 
and application to the European Food Safety 
Authority: EFSA and American Food and Drug 
Administration: FDA. [30]
   Above all, it is notable that they have expertise 
in the tests for functional foods and new food 
products on human volunteers.  They have 
many achievements in human volunteer tests 
of functional foods, as they have the evaluation 
and analytical technologies for various in-body 
markers, and human metabolism test facilities. 
Along with this, the nourishment database is 
further fulfilled with their vast database. Several 
thousands of volunteer databases are available for 
the testing of various new food products, which 
will provide a smooth launching and operation for 
new tests. (Table 6) 
4-3  NIZO food research BV
   The NIZO Food Research Faci l i ty,  for 
contracting with enterprises on research activities, 
is located in Ede city near Wageningen. NIZO has 
food related laboratories and the pilot plants for the 
testing of food production. Clients inquire to them 
to conduct various tests for production before the 
full investment of a production facilities. Thus the 
companies can have business supports from NIZO 
just before the production. [31,36]
4-4  NuGO; European nutrigenomics organization
   When Nutrigenomics was established as new 
nourishment genomic technologies for development 
of Nutraceuticals, the European Nutrigenomics 
Organization was founded with the members of 
22 organizations from 10 countries in Wageningen 
in January 2004. This location became the center 
of the food science in Europe for (1) education 
of post genomic science, that is, Nutrigenomics 
technology’ (2) promotion and integration of 
University, laboratory, and research institutes
in Food Valley Role and function
Wageningen University & Research Centre:
- Wageningen Institute for Food Safety [27]
- Agrotechnology and Food Science Group [28]
- Plant Research International Wageningen [29]
- Animal Sciences Group 
- Wageningen Institute for Food Law
Basic and fundamental research
A part of European Nutorigenomics Organization (NuGO)
Basic research of science of food
Plant improvement using the genomics technology. 
Animal test research
TNO Food & Nutrition [30] Technological transfer of basic research results to enterprises, commitment of researches for enterprises
NIZO Food Research（NIZO)[31] Technological transfer of basic research results to enterprises, commitment of researches for enterprises
Center for BioSystems Genomics[32]
Consortium composed of several ten enterprises, including 
Warheningen UR to play a key role. For improvement of quality 
and nature of grains by using Nutorigenomics technology. 
Nutrigenomics Consortium [33]
Research of biomarkers using Nutorigenomics technology, 
focusing on diabetic, hyperlipemia, and high blood pressure 
resulted from the Metabolic syndrome. 
Top Institute Food and Nutrition [34] Technical assistance necessary to provide new food products that contribute to health
Table 5 : Various organizations in food valley and its function
 Prepared by the STFC based on Reference[27-34]
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Nutrigenomics technologies for contribution to 
nourishment science in Europe, (3) application 
and industrialization of Nutrigenomics technology 
from the global aspects and (4) establishment of 
the advanced virtual center of the Nutrigenomics 
technology. [37]
   Currently, 23 organizations (university and 
enterprise) participate in the projects as partner 
organizations, for not only for the research but 
also for the promotion of the industrialization. 
The technologies in which NuGO is specialized, 
is the creation of the database for bioinformatics 
(Nutrientgene database), concerning the ingredients 
of foods and its function and physiological 
activities. This is done by making good use of a 
genomic technologies and microarray technologies. 
This database is designed, from the beginning, 
to be shared for practical use. The data format 
is common for NuGO participants. Moreover, 
the research protocols for data acquisition are 
also standardized in a common format, which is 
effective for the faultless and prompt process from 
academy to industry. [28] The databases are currently 
available to be shared by the participants. The 
standards and formats that NuGO are promoting 
may be used not only in Europe, but also as the 
global standard in the future. 
Nutraceuticals research in the 
United States
 
  In Europe, a focus is placed on a faultless 
approach, from research to industrialization, of 
Nutraceuticals, mainly promoted in Food Valley. 
On the contrary, the United States is focusing on 
the approaches for prevention of diseases and 
life-style related diseases based on the study of 
Nutraceuticals.  Some venture companies are 
now working a service to provide Nutraceuticals 
for those who easily contract diseases, through 
individual genetic information analysis.
5-1   UC Davis : disease prevention  
   It has been acknowledged that Nutrigenomics 
technology is effective for identifying the 
relationship of food ingredients and physiology. 
The Center of Excellence for Nutritional Genomics 
was established by UC Davis (University of 
California, Davis) in 2004 in the United States, 
backed by the funds of NIH, coinciding with the 
establishment of the NuGO (mentioned above) in 
Europe.
   Dr. Rodriguez of UC Davis has been engaged in 
the administration of the research. His philosophy 
is that now is the time to shift the mindset 
concerning medicine, from remedy of sickness to 
pursuing health and wellness. In other words, it 
should be shifted from medication to prevention. 
This is because of the increase of life-style related 
diseases resulting from bad eating habits and 
lack of exercise becoming a social issue. Foods 
should play a key role for prevention of diseases, 
so that Nutrigenomics technologies are effective 
for development of functional foods of Nutraceuticals. [3] 
For instance, research is conducted mainly for 
bioactive substances contained in plants, such 
as food herbs, to identify relationships of foods 
and gene expression, or medical treatment and 
preventative medicine. The nonlinearity algorithm 
called an Isomap is used to process a large number 
Committed test and registration services[1]
Consulting investigation concerning regulations
1)  Confirmation of applicable regulations
2)  Confirmation of required data
3)  Pre-assessment of customer data
4)  Proposal of cost
Committed test and registration services[2]
1)  Evaluation of data
2)  Safety testing
3)  Preparation of application forms
Other services
･Examination of human volunteer - Test design
・Enterobacteria/immunization test - Allergic examination
･Various analyses of nourishment, chemical substances, and 
microorganisms
･Nourishment evaluation and nourishment genomics
･The biomarker's identification  - Epidemiology examination
All processes from the regulation investigation to the application ･Research on laws and regulations – Implementation of toxic test
・Preparation of application forms
Table 6 : TNO commitments and services for testing and research 
Source: Reference[35]
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of genetic information about a biomarker, by using 
microchip technologies. The examination has been 
progressed.
5-2  Tufts University: clinical research of disease
         prevention
   Tufts University has the Human Nutrition 
Research Center on Aging (HNRCA). Professor 
Schaefer offers a low fat diet to volunteer 
examinees, who live in the outskirts of Boston, 
for monitoring their health status, and to test and 
research various disease prevention measures 
such as for obesity, diabetic and heart failures. 
They have hospital-level clinical laboratories, 
kitchen facilities for special diets and counseling 
rooms in the university for various functions, 
from processing/cooking of functional foods, to 
the guidance/consulting of the examinees. Tens 
of volunteer examinees are participating in each 
project. 
   For example, the saccharified albumin (Glucose-
attached Albumin), generated by obesity and in a 
diabetic process, is used as one of the biomarkers to 
create databases to identify relationships between 
low fat diet and obesity, diabetes mellitus, or renal 
diseases, as well as for any results to control the 
risk of such diseases. This research and test also 
aims to encourage the examinee themselves to 
improve their eating habits for successful results.
5-3   Venture companies 
   Some venture companies have already been 
working on launching the business based on 
this technology in the United States, where it 
is common for venture companies to involve in 
industrialization of research results. Sciona Inc,[41] 
in Colorado provides services to diagnose personal 
genes and identify whether they are prone to 
contracting diseases. For example, they examine 
the SNP (personal genetic information) profiles 
of 1 disease-related genes. Based on the medical 
data (current health condition) and questionnaire 
(lifestyle information, they consult with the 
customers on how they can change their dietary 
habits and life styles.
   The  Nut raGemomincs  Inc ,  in  Chicago 
started a business to support the development 
of Nutraceuticals foods effective for disease 
p r e v e n t i o n ,  a s  w e l l  a s  t h e  g e n e - b a s e d 
pharmaceutical development, by providing a test 
system to identify genes affected by dietary habits 
or gene type. Although these businesses have 
just started and their results will come later, it is 
expected to contribute to the acceleration of the 
movement to shift academic results to practical 
application.
Future issues and proposals
   For diseases expected to increase in number, 
but can be prevented by lifestyle change, such as 
metabolic syndromes, the patients are required 
to positively change their lifestyles. One of the 
solutions is to change their diet. Nutraceuticals 
should contribute to prevention of such diseases. 
For Nutraceuticals,there are three key issues of 
the technology: (1) establishment of scientific 
assessment standard for prevention of diseases, 
(2) establishment of assessment system for disease 
prevention by human trials and (3) establishment 
of seamless system to transfer stage from basic 
research to industrialization. The following is a 
proposal for Japan to approach research trends in 
this area from a global viewpoint. 
6-1   Establishment of scientific assessment 
standard for prevention of diseases
   Medicines are created from a single ingredient. 
As the target molecule on which the ingredient 
would directly act is basically a single material, an 
assessment for drugs, even for the same disease, 
will be made for each medicine or target molecule 
in general.
   On the other hand, Nutraceuticals are not 
necessarily a single material, therefore, the 
expected effect for disease prevention may be 
activated by a complex action by plural materials. 
For the example of prevention of diabetes, it is 
necessary to demonstrate that plural composition 
materials contained in food have a preventative 
effect against diseases by exerting the effects on 
some paths which trigger the disease. It is also 
necessary to compare preventative effects for 
different types of food. Therefore, it is necessary to 
select multiple indicators (biomarkers) to determine 
prevention effects of diabetes, and to standardize 
the assessment method. In other words, it is 
urgently necessary to conduct biomarker research 
6
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for prevention of target diseases.
   This issue has been pointed out by Professor 
Soichi Araki, that the number of biomarkers is too 
little to achieve general functionality, as reported in 
“Analysis of Non-nourishment Materials in Food 
and Research on Systematization” in 2000-2004. 
In the past studies of medicine, biomarkers for 
medical treatment were actively studied, while it 
was the time to promote the research of biomarkers 
for disease prevention by Nutraceuticals. Data 
obtained with a separate evaluation protocol by 
different technical institutions are inconsistent. It is 
difficult to make an appropriate evaluation without 
common data. Therefore, it is also necessary to 
define the measurement method of biomarkers and 
standardize indicators.
   Furthermore, the database concerning disease 
prevention for Japanese people is an invaluable 
asset of Japan, and so it is meaningful to share with 
many research and development institutions. It is 
thought to be necessary to create a uniform format, 
from the basic research phase, to share the database 
of food ingredients and disease prevention effects.
6-2   Establishment of assessment system for 
disease prevention by human trials
   Examinations using food and food ingredients 
were not conducted in a systematic manner to 
prove the effectiveness of disease prevention for 
humans. It is now necessary to establish a system 
to provide scientific assessment of this subject. 
This is the key issue to creating Nutraceuticals.
   As described earlier in the example of Tufts 
University in the United States, they have a team 
consisting of medical doctors, dietitians, and 
physiologists, to work on the research of food for 
disease prevention with volunteer examinees. In 
Europe, the food research and development base 
called Food Valley has assessment systems which 
are making full use of Nutrigenomics technologies 
by TNO, which commits itself to the identification 
of materials and demonstration tests of efficiency 
for humans.
   Human-based systematic examination has just 
started in Japan. Professor Toshiichi Yoshikawa 
and Professor Soichi Arai launched the “Society 
for Function of Food and Exercise” to start the 
evaluation within humans, as mentioned above. 
This activity is expected to propose elements 
required for human-based research, assessment, 
and know-how of its operation. In Japan, there 
are many good cooking materials to contribute to 
our health, as brought up in the enriched history. 
A systematic and general research concerning 
identification of effective ingredients and disease 
prevention has just started.
   Therefore, it is urgently necessary to create a 
center like Food Valley for researchers, doctors, 
diagnosis/assessment researchers and enterprises to 
provide food materials, in order to create superior 
Nutraceuticals from Japan-made cooking materials, 
as well as fulfillment of a general evaluation 
system. 
6-3   Establishment of seamless system to 
transfer stage from basic research to 
industrialization 
   Nutrigenomics, which have been rapidly 
innovated in this century, keeps upgrading itself 
as basic technologies to create Nutraceuticals. 
It is also applied to practical approaches for 
evaluation of Nutraceuticals. At the same time, 
its advancement continues as a fundamental 
research. Therefore, it is worth noting that the 
sites of research and application are very close 
to each other. The case study of Wageningen 
in Europe is a good example to show how the 
seamless cooperative system functions well to 
support various basic researches, application of 
enterprises and practical approaches. The important 
points for this “seamless” cooperative system 
are: Firstly, a cooperation of research beyond the 
border of academia such as science, agriculture, 
fishery study, engineering, pharmacology and 
medicine, in other words horizontal link of areas. 
Secondly, a support system to shift the basic 
research results, to industrialization in relation to 
the development of parties concerned, to expedite 
its commercialization, or vertical linking. 
   For horizontal links, Nutrigenomics technology 
itself is a composite technology of basic research, 
an integrated research team under the keyword 
Nutrigenomics should be established in an 
environment like Food Valley, as described in 6-2.
   On the other hand, for vertical linking of areas, 
it is still hard to create a support organization to 
commit research and development by bridging the 
basic research area (academia) and enterprises, to 
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facilitate the industrial transfer in Japan. Although 
it is thought that venture capitals are taking the 
rope to function in the United States, it might be 
rather difficult model for Japan, where the venture 
companies are still immature. It seems that support 
organizations such as TNO and NIZO in Europe 
are good examples to study.
Conclusions
   It is the wish of all people to live healthy. It is 
natural that people’s focus is shifting from medical 
treatment for sickness to a positive approach for 
prevention of diseases to stay healthy. In order to 
prevent diseases and be healthy, new food products, 
which have been proven by the human trials to 
be effective to prevent diseases, should gradually 
penetrate into the society. This will improve QOL 
(quality of life) of all people.
   Nutraceuticals is a scientific area generated 
from Japan to the world. It can be said that 
Japan created a brand-new conception of food. 
In order to develop this movement, not only for 
the improvement of scientific research levels, but 
also for the improvement of the quality of life 
by utilization, it is required to note the following 
three actions: (1) establishment of scientific 
assessment standard for prevention of diseases, 
(2) establishment of assessment system for disease 
prevention by human trials and (3) establishment 
of seamless system to transfer stage from basic 
research to industrialization. 
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Introduction
   The IPCC’s (Intergovernmental Panel on Climate 
Change) Working Group 1 Report (The Physical 
Science Basis of Climate Change) [1] of the Fourth 
Assessment Report released in February, 2007, 
concluded that global warming has occurred in the 
Earth’s climate system, and also has concluded that 
an increase of anthropogenic greenhouse gases has 
very likely caused this warming. [2]  Along with the 
implementation of prediction results from Earth 
simulators, Japan also made a large contribution, 
as many articles by Japanese researchers were 
quoted or referred to in the report. Compared 
with the Third Assessment Report in 2001, this 
report has a more detailed content in consequence 
of  advancements  in  computer  science,  an 
improvement and expansion of computer resources, 
and a deeper scientific understanding of the global 
warming process.  The reason why it was possible 
for the report to conclude global warming is taking 
place, is based on the fact that observation data of 
the earth, in particular the ocean and the cryosphere 
provided the initial data and verification data for 
the advanced climate change model.  Prediction 
can not be done without data provided from 
observations.  Therefore, along with future model 
advancements, the accumulation of observation 
data, which is the necessary evidence for data 
input to reach an output result, will be of great 
importance. 
   Even though the given name observation is the 
same, meteorological observation, hydrologic 
observation, and other types of observations vary in 
nature. However, it is difficult to say that the ocean, 
which accounts for 70% of the Earth’s surface and 
is the most influential factor of climate change, 
has been discussed and observed as a whole.  The 
purpose of this report is to discuss the necessary 
Ocean Observation Data Collecting System, which 
is required in Global Change Research.
Oceanographic observations 
essential for global change 
research
   As global environmental changes become 
more of a reality, Japan has declared to face the 
problems squarely, as part of the “Becoming 
a Leading Environmental  Nation Strategy 
in the 21st Century”[3].  As a result of rapid 
advancements in computer resources, and it is 
believed that advancement in the model will 
develop significantly in the future. On the other 
hand, the Earth Observation Summit [note 1], and the 
subsequent GEOSS [4][note2], come to represent the 
fact that the necessity of global observation data 
has now earned International Consensus.  In the 
case of the oceans, it is desirable that a framework 
for observing all the oceans in real-time are placed, 
and a world-wide observation system which has 
been the standard in weather forecast be adopted. 
   The IPPC’ first assessment report of 1990 stated 
that “it takes 10 years to detect the warming caused 
by greenhouse gases.” However, in reality it has 
taken over 15 years to detect this warming effect. 
In this way, the global change research takes many 
years to produce results.  Natural phenomena, such 
as ocean currents, go through cycles which can last 
for 10 to 20 years and therefore, observations must 
be done for the period longer than these cycles[5]. 
The Fourth Assessment Report is to determine that 
global warming is happening in the climate system 
of the earth, as this is the result of accumulating 
of observation data over a long period within an 
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international cooperative framework. 
2-1   What should we do in reaction to the 4th 
assessment report?
   In receiving the 4th Assessment Report, steps 
are already being taken for the 5th Assessment 
Report, which will be written within the next few 
years.  The Ministry of Education, Culture, Sports, 
Science, and Technology (MEXT) has launched 
a 5-year (FY2007 - 2011) initiative called the 
Innovative Program of Climate Change Projection 
for the 21st Century (KAKUSHIN Program). It 
states that “We will develop an advanced Japanese 
model to contribute to the IPCC’s  5th Assessment 
Report and the decision-making on global warming 
prevention measures, as well.”  
   The “coupled atmosphere-ocean-land model for 
21st Century Climate Change Prediction”, which 
used the Earth Simulator, developed for the 4th 
Assessment Report by a Japanese research group 
(The group includes: the Center for Climate System 
Research of the University of Tokyo, the National 
Institute for Environmental Studies and a team 
from the Japan Agency for Marine-Earth Science 
and Technology). This model is comprised of grids 
with 100km atmospheric resolution (horizontally) 
and 56 layers to an altitude of 40km coupled with 
a 20 km (horizontally) and 48 layers ocean model. 
It has the world’s highest-resolution. This level of 
grid resolution has, for the first time, allowed 
to simulate the meiyu(baiu) front  and the 
Kuroshio [6]. Even if the grid intervals are 100km, 
20km, etc., there are a total of four million grid 
points on the atmospheric side, and 50 million 
points on the oceanic side.  When this model is 
used to do a 100-year simulation, even the Earth 
Simulator needs a few months of calculation time. 
   Using such models the global  warming 
predictions have focused on the status of the 
Earth 100 years from now, near the end of the 21st 
century. However, it can be said that what people 
really want to know, are the effects within their 
lifetime, their children’s lifetime, and the events 
that will take place 20 to 30 years from now?” 
Global warming prediction for the future must meet 
these time scales, and must have high-accuracy 
and resolution to have a strong influence on the 
decision-making of measures. However, the model 
results are not considered as the prediction that 
is suitable for measures, but the surmise, unless 
verified.  In order to improve the reliability of the 
model results, there is a strong need to collect 
highly accurate high-resolution data, which can be 
applied to the prediction model.
2-2    The turnabout from oceanographic 
observation to monitoring
   Up to now, it has often been considered that 
“observation” is to observe phenomena of 
interest in specific areas in detail.  Analyzing the 
“observation” data, simulating the phenomena with 
numerical models and integrating them, then, we 
come to new findings.  This type of observation 
takes into consideration the representative 
[NOTE1] The Earth Observation Summit
At the Evian G8 Summit in June 2003, it was agreed that to prevent further desertification and water 
shortages caused by global warming, it is essential to collect accurate and wide-range observation 
data, and then circulate the information. With the then Prime Minister Koizumi’s backing, the Earth 
Observation Summit (Ministry-level talks) was agreed upon, and the 1st Earth Observation Summit 
(July 2003 in the US) was held.  This was followed by the 2nd Earth Observation Summit (April 2004 in 
Japan).   
[NOTE2] GEOSS (Global Earth Observation System of Systems) 
During the 3rd Earth Observation Summit (February 2005 in Brussels) in which about 30 international 
organizations and 60 countries including the G8 nations participated in, the GEOSS10-year 
implementation plan was agreed upon, to promote the construction of "Global Earth Observation System 
of Systems (GEOSS)" under international cooperation. In the GEOSS10-year implementation plan, 
the aim is to combine multiple components of the observation systems of national governments and 
international organizations, so that there will be an overall well-balanced GEOSS that is effectively 
established.
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spatiotemporal scale of the phenomenon of interest 
and allows the creation of observation plan. 
   Based on its physics and chemistry processes, 
the observation plan is made in taking into 
consideration the representative spatiotemporal 
scale of the phenomenon of interest.  Therefore, 
it can be defined as an “Analytical Observation 
for Process Study”.  The target of the research is 
clear, and it is a useful way for researchers who 
are always required to publish results. However, 
from the point of view of understanding the picture 
of the world oceans, there is no guarantee that an 
assembly of analytical observation data collected 
with different methods and for different purposes 
can be used to describe it.  In order to understand 
the phenomena of the world’s oceans, and to collect 
data that apply to global change prediction, the idea 
of monitoring that implements standardized ocean 
observation[7] in vast areas is required.
The international project 
intended for ocean monitoring 
of our country
 
3-1    Monitoring the world oceans by the Argo 
Project
   The Argo Project is an international project 
to maintain a global array of 3,000 free-drifting 
profiling floats for comprehensive observation 
of the world’s oceans in real-time, and is formed 
in cooperation by the World Meteorological 
O r g a n i z a t i o n  ( W M O ) ,  t h e  U N E S C O 
Intergovernmental Oceanographic Commission 
(IOC), and other international organizations and 
institutions[8]. As of 2007, there are 29 members 
of the Argo Project, including the United States, 
Japan, France, Germany, South Korea, Australia, 
the United Kingdom, Canada, India, and China. 
Figure 1 : Float design  (top) and standard mission operation (bottom)
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The linchpin of the Argo Project is the Argo Float, 
which can automatically descend to depths of 
2,000 meters and ascend to the ocean surface, 
while measuring the water temperature and salinity 
(Figure 1). 
   The Argo allows, for the first time, continuous 
monitoring of the temperature, salinity, and velocity 
of the upper ocean every 10 days at intervals of 
300km (about every 3° of longitude and latitude).  
   The Argo Floats are built in with the function to 
adjust their own buoyancy, and when first thrown 
into the ocean, descends to a pre-set drifting 
depth (usually 1,000meters).  After drifting at 
that depth for a fixed period (usually 10 days), 
they descend to the deepest observation depth 
(usually 2,000meters), then begin to ascend while 
making measurements of the water temperature 
and salinity, and finally they reach the surface and 
send the collected data to the satellite. When the 
transmission is complete, they again descend to 
the drifting depth.  The Argo Floats are designed to 
continue this process for 3 to 4 years. (Figure 1). 
   The Argo Project has made it possible to 
continuously comprehend the three-dimensional 
structure of the water temperature and salinity 
of the world’s oceans in real-time.  For ocean 
research, it is a breakthrough system, much like 
AMeDAS (Automated Meteorological Data 
Acquisition System) of the Japan Meteorological 
Agency.  On November 30, 2007, at the Fourth 
Earth Observation Summit in Cape Town, South 
Africa, the smooth progress of the Argo Project 
was reported as one of the early achievements of 
GEOSS.
   In Japan, the Argo project is being promoted 
by the "Argo Project Promotion Committee" 
composed of the Ministry of Foreign Affairs, the 
Ministry of Education, Culture, Sports, Science 
and Technology, the Fisheries Agency, the 
Ministry of Land, Infrastructure and Transport, the 
Meteorological Agency (JMA), the Japan Coast 
Guard,  Japan Agency for Marine-Earth Science 
and Technology (JAMSTEC), and the experts 
from the universities. In particular, JAMSTEC is 
responsible for a majority of the development of 
the floats, as well as the quality control of collected 
data, and the remaining responsibilities are shared 
by JMA and the Fisheries Research Agency.  
   The Argo Project as a whole has reached its 
development target of 3,000 in late October 2008 
(Figure 2), and new focus is whether or not we can 
move on to the “Sustainable Argo Project.”  Japan 
is currently operating 369 floats, and this number 
is second only to the United States.  When taking 
into consideration the lifespan of the Argo Floats, 
it is necessary to renew 800 of the 3,000 floats per 
year, and Japan is expected to contribute about 100 
of the floats.  The Argo data are utilized by JMA, 
to improve the accuracy of mid-tem and long-term 
weather forecast as well as for Prediction of El 
Niño etc, that are our great concern in daily lives. 
In addition, it is a source for essential information 
Figure 2 : Positions of Argo floats (reached 3,000 targets at the end of October, 2007)
Source:the Argo plan home page  (http://www.argo.ucsd.edu)
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of the oceans for the global warming research, and 
the continuation is expected.
 
3-2    IRHCP: International Repeat Hydrography 
and Carbon Project [9][note 3]
   Approximately 85% of the Earth’s heat increased 
by global warming gases is absorbed by the ocean, 
and causes the ocean water to expand and the 
water surface to rise[1,10]. It is important to know 
about any changes of the heat storage of the 
oceans, in order to understand global warming and 
to evaluate climate models. Many of the Ocean 
Observation results show a world-wide increase in 
temperatures of surface water since the late 1990’s. 
For instance, Levitus et al. (2005), estimates that 
during 1955–1998 the average water temperature 
of the world ocean (0–3,000 m) has risen 0.037°C 
at a rate of 0.2 W/m².[10] The heat capacity of ocean 
is 1,000 times larger than that of the atmosphere. 
Therefore, if the oceans didn’t absorb heat, this 
would mean a 37°C increase in the air temperature.
   To distinguish a rise in water temperature 
described above from its natural variation of the 
scale of a decade to several decades inherent in 
the ocean, and to detect warming trends, there is 
a need to accurately evaluate the changes in the 
structure of density and water temperature of the 
interior of the oceans, as well as the meridional 
transport of heat, and finally to clarify the physical 
causes for such changes.  In order to accomplish 
this, the International Repeat Hydrography and 
Carbon Project (IRHC) is in progress, as part of 
the international project CLIVAR the Climate 
Variability and Predictability[NOTE 4]. This is to re-
[NOTE 3] IRHCP(International Repeat Hydrography and Carbon Project) 
IRHCP is an international-cooperative observation that was agreed in 2005 during the International Repeat 
Hydrography and Carbon Workshop in Japan.  It is a post-WOCE project which conducts a sustainable 
carbon cycle observation and re-observation of WOCE hydrographic observation lines, and also has the 
target of integrating and circulating observation data.  It is an CLIVAR and IOCCP,The International 
Ocean Carbon Coordination Project that is a joint project of IOC and Scientific Committee on Oceanic 
Research approved project.
[NOTE 4] CLIVAR(Climate Variability and Predictability)
CLIVAR is the World Climate Research Programme (WCRP)[NOTE 5] project that addresses Climate 
Variability and Predictability, with a particular focus on the role of ocean-atmosphere interactions in 
climate. The challenges for CLIVAR are to develop our understanding of climate variability, to apply 
this to provide useful prediction of climate variability and change through the use of improved climate 
models, and to monitor and detect changes in our climate system.
[NOTE 5] WCRP (World Climate Research Programme)
The WCRP is a sub-program of the WCP (World Climate Programme) run by the WMO (World 
Meteorological Organization), and works in cooperation and receives financial support from the ICSU 
(International Council of Scientific Unions) and the IOC (Intergovernmental Oceanographic Commission). 
The two overarching objectives are: (1) to determine the predictability of climate; and (2) to determine 
the effect of human activities on climate. Many activities of the WCRP are designed to improve scientific 
understanding and knowledge of processes that in turn result in better forecasts and hence benefits to users 
of climate research.
[NOTE 6] WOCE (World Ocean Circulation Experiment)
The WOCE was a component of WCRP, and was performed from 1990 to 2002.
 The aims of the programme were to establish the role of the general ocean circulation in the earth's 
climate and to obtain a baseline dataset against which future change in a scale of a few decades could 
be assessed. Sophisticated numerical ocean models were also developed to provide a framework for the 
interpretation of the observations and for the prediction of the future ocean state. The observation efforts 
were put into the WHP (WOCE Hydrographic Program). It occupied the many land-to-land hydrographic 
observation lines in the world oceans, measuring with high accuracy the physical parameters, the nutrients 
and chemical substances of the water from the surface to the bottom.
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occupy the land-to-land hydrographic observation 
lines of the WOCE(the World Ocean Circulation 
Experiment)[NOTE 6], and to perform comparison 
research with observation results from those of 
WOCE. In this project, the responsible observation 
lines are set for each country.  In 1999, JAMSTEC 
occupied the central part of WHP-P1 Line (along 
the 47°N in latitude) by R/V Mirai, and since 
then, they have been conducting the land-to-land 
hydrographic observations in the northern Pacific 
Ocean almost every two years (Figure 3).  The full 
P1 Line re-observation by the “Mirai” was done in 
2007 following the 1999 observation. It was one-
month trans-North Pacific cruise, and there were 
115 hydrographic stations, and the measurement 
items were: water temperature, salinity, current 
speed, dissolved oxygen, nutrients, carbonates, 
CFC's (chlorofluorocarbon), trace metals, isotopes, 
seabed topography, and maritime meteorology etc.  
   Findings of the changes in the Antarctic overturn 
and the bottom water temperature of the Pacific 
Ocean are two examples of the achievements 
accomplished by the IRHC.  The near bottom layer 
of the Pacific Ocean is occupied by Circumpolar 
Deep Waters (CDW) which is produced in the 
Southern Ocean by the deep overturn (the result 
of dense water descending to the bottom due to 
sea ice formation at the surface) and flows through 
the west side of the South Pacific Ocean, and 
into the North Pacific.  According to analysis of 
observation results from the “Mirai”, as well as 
other re-observation lines, the Pacific bottom water 
temperature along the pathway of CDW has raised 
significantly in the last 10 to 20 years[11,12].  This 
result suggests that the circulation of deep waters 
in the Pacific Ocean slow down. 
   In recent years, similar changes in the ocean 
general circulation have been founded. The Atlantic 
meridional overturning which is the starting point 
of the “ocean convey belt” off the eastern shores 
of Greenland has slowed by about 30% between 
1957 and 2004 [13].  In addition, it is reported that 
the bottom water temperature of the South Atlantic 
has risen 0.04° [14].  It is believed that the rapid 
cooling of the Earth some 12,000 years ago (The 
Younger Dryas stadial)[note 7] was caused by the stop 
of the ocean conveyer belt.  Some model prediction 
shows that global warming may cease the conveyer 
belt, and thus it is vital to have continuous monitor 
of such changes.  
   The comparison of observation data with the 
advanced or same quality in the 2000’s to the 
WOCE land-to-land hydrographic observations 
with high accuracy during the 1980’s to 90’s gives 
knowledge of such ocean variations.  Such in-situ 
data are the control data for the Argo Project and 
the Global Carbon Project [NOTE 8] as well, and the 
continuation of such observation will be essential. 
Figure 3 : Observation lines occupied by Japan (left) and IRHC projected lines (right)
[NOTE 7] Younger Dryas
The Younger Dryas was a stadial (period of colder temperatures during an interglacial) in the high 
latitudes of the Northern Hemisphere between 12,900 – 11,500 years before present (BP) in sharp contrast 
to the warming of the preceding interstadial deglaciation. The transitions occurred over a period of a 
decade or so with the temperature drop of about 6°C.  
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3-3   Monitoring network of moored buoys for 
the Indian Ocean dipole event and El 
Niño [15]
   The world’s warmest ocean waters, known as the 
“warm water pool”, can be found in the Western 
Equatorial Pacific and Eastern Equatorial Indian 
Oceans. The oceanic variability in these areas 
is closely related to the global scale climate 
variations of the El Niño and the Indian Ocean 
Dipole Event.[16] Climate change research in the 
tropical Pacific began in 1985 with the TOGA 
(Tropical Oceans and Global Atmosphere, 
1985-1994) Project, aimed to observe and predict 
the El Niño.  In this project, the focal observation 
apparatus was the TAO (Tropical Atmosphere 
and Ocean) buoy Array of U.S.A, and the data 
from this array accelerated El Niño research and 
contributed to the improvement of its prediction. 
On the other hand, parallel to this international 
project, the independent Japan Agency for Marine-
Earth Science and Technology (JAMSTEC, named 
the Japan Marine Science and Technology Center 
at the time) had developed the TRITON buoy with 
is own technology (Figure 4).  The TRITON buoy 
array was deployed from 1999 in the Western 
Tropical Pacific Ocean, and since 2000, it consists 
of US-Japan El-Niño Monitoring Network 
cooperatively operated with the TAO buoy array 
that are deployed from the Central and Eastern 
Pacific (Figure 5).  
   In recent years, climate change observation 
research in the tropical regions of the Indian 
Ocean using satellite data, has presented that there 
is an Indian Ocean Dipole events (IOD), which 
can be called the El Niño in the Indian Ocean [16]. 
Meanwhile, JAMSTEC started IOD observations 
the first in the world in 2001 when they placed 2 
TRITON buoys in the Indian Ocean.  
   The IOD is normally characterized by anomalous 
cooling of SST (sea surface water temperature) 
in the eastern equatorial Indian Ocean (off Java 
Island) and anomalous warming of SST in the 
western equatorial Indian Ocean (off Africa). 
Associated with these changes the normal 
convection situated over the eastern Indian Ocean 
warm pool shifts to the west and brings heavy 
rainfall over the east Africa and severe droughts/
forest fires over the Indonesian region. This 
happens every few years, and usually starts during 
May and June, reaches a peak at around October, 
and then begins to fade in December. During the 
2006 IOD, there were multiple floods in the eastern 
tropical Africa, which lead to over 1 million people 
evacuating their homes.  
   As a result of their research, JAMSTEC was 
the first successfully able to predict the 2006 IOD 
in as early as November 2005[18].  The 2007 IOD 
was also predicted, and in late September, 2007, 
satellite observations scientifically affirmed this 
prediction.  This suggests that wide-scale droughts 
in Australia and the heavy rains in eastern Africa 
caused by the IOD can be predicted about 6 months 
in advance.  In addition to improving the reliability 
of short-term prediction for IOD and El Niño, it 
is a vital task to reveal the relationship with long-
term climate changes.  For this, it is essential to 
[NOTE 8] GCP (Global Carbon Project)
The Global Carbon Project was formed to assist the international science community to establish a 
common, mutually agreed knowledge base supporting policy debate and action to slow the rate of 
increase of greenhouse gases in the atmosphere. The GCP is responding to this challenge through a 
shared partnership between the International Geosphere-Biosphere Programme (IGBP), the International 
Human Dimensions Programme on Global Environmental Change (IHDP), the World Climate Research 
Programme (WCRP) and Diversitas. This partnership constitutes the Earth Systems Science Partnership 
(ESSP).
Figure 4 : TRITON buoy 
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maintain and strengthen the buoy monitoring 
network in the Indian Ocean that provides real time 
in-situ observation data.
The ocean monitoring system 
for predicting ocean’s and 
earth’s changes
   The IPCC 5th Evaluation Report, which will be 
out within a few years, is expected to be strongly 
conscious of contributing to decision making, so 
that it is necessary to specify “what will happen 
where, when, and to what extent.” This means 
that more detailed spatial-temporal predictions are 
required.  It is beyond discussion that high-quality 
global observation data are essential which can be 
applied to the initial condition and validation for 
the advanced computer simulation.  There is a need 
to continuously observe the state of the Earth and 
Ocean, and how it is changing.  The most important 
point is not to perform analytical observation like 
many other observations of this time, but to create 
an observation project with the aim to keep an eye 
on the world-wide oceans as a whole.
4-1    Utilizing existent ocean monitoring 
systems
   GEOSS, which has promoted global observation 
within an international framework, states in their 
10-year Implementation Plan Reference Document, 
that i t  will  be a “system of systems” with 
components consisting of existing and future Earth 
observation systems.  Also, they have followed 
up their statement, “GEOSS builds on current 
cooperation efforts between existing observing 
and processing systems”, by utilizing existing 
observation systems as its foundation. There is 
strong emphasis on the importance of system 
establishment that can function immediately while 
encouraging and accommodating new systems, 
because global observation is an urgent task 
to be started as soon as possible.  When Japan 
follows this GEOSS’s policy, the foundation of 
our ocean observation system should center on 
the continuation of the 3 currently active projects 
described in the chapter before.
   
4-2   Ocean data assimilation - integrating 
ocean moni tor ing resul ts  and l ink 
observations and prediction
   To apply the global observation data from 
ocean monitoring to the prediction model, the 
data assimilation is the key process (Figure 6). 
The deployment of the Argo was a revolutionary 
progress in oceanic observation, however 3,000 
floats over the entire ocean means there is only one 
float per 300-square kilometers.  Ship observations 
can collect very precise data, but there are 
immense restrictions with time and area coverage. 
Satellites can give simultaneous observations over 
vast areas, but are limited to the sea surface.  In 
the present situation, it is virtually impossible to 
monitor all the oceans using one method.  The 
data assimilation is the method that has made 
rapid progress to integrate all the differing types of 
observation data.  In our country, JAMSTEC and 
the Kyoto University are successfully developing 
an ocean data assimilation system. The Cape Town 
Figure 5 : TAO/TRITON array (TRITON buoy ■,  TAO buoy ●)
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Declaration from the 4th Earth Observation Summit 
on November 30, 2007 referring to the importance 
of data assimilation as well as the importance 
of observation, it states in the opening, that “we 
recognize the requirement of terrestrial, oceanic, 
air-borne and apace-based Earth observations and 
date assimilation techniques and Earth system 
modeling.” Although observations have the 
advantage of capturing reality, it is not possible 
to capture the entire ocean at once.  On the other 
hand, models can provide consistent temporal-
spatial grided data, but come with a disparity with 
reality.  "Data Assimilation" is to input various 
observation data not uniform for time and space to 
Global General Ocean Circulation Model, correct 
the model result being suitable for the observed 
value, and to create a grided data set. As a result, 
data may be referred even for sea areas with no 
observed value available. This means that the 
grided "Global Oceanographic Observation Data" 
can be given , which can be applied to “Global 
Change Simulation Model” by “Data Assimilation”. 
A part of the obtained " Global Oceanographic 
Observation Data " may also be separated and 
used as an analytical observation data for the 
process study to understand the individual dynamic 
phenomenon (Figure 7). 
   In the field of meteorology, data “assimilation” 
is routinely used for the process study and 
simulat ions as  cal led "Re-analysis  Data". 
Especially in the weather forecast, as the forecasted 
result would be significantly affected by the quality 
of the initial value, the initial data assimilated from 
the  meteorological observation data is used for the 
calculation (forecast) of the weather forecast.
   “Ocean Data Assimilation” presented here is to 
assimulate various observation data, such as the 
sea surface satellite data (e.g. sea surface dynamic 
height and water temperature), high-quality in-situ 
data (e.g. water temperature and salinity) obtained 
by the International Repeat Hydrography and 
Carbon Project, and the TRITON buoy observation, 
and the water temperature and salinity of the ocean 
interior by Argo float to the Global General Ocean 
Circulation Model and then produce the integrated 
data set with the high temporal-spatial resolution. 
Conclusion
5-1   Necessity of climate change prediction 
with high-quality and high resolution 
observation data
   Japan had a record high temperature in summer 
2007 as 40.9°C, which is the highest ever in the 
last 74 years. As the unusual weathers were also 
reported from the world, the climate change was 
Figure 6 : The scope and focus of GEOSS
Source:10-Year Implementation Plan Reference Document
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a big topic in the last summer to support the 
Prediction of IPCC the 4th Assessment Report. 
While many countries are tackling the global 
warming prediction as an international framework, 
Japan is not the exception and is promoting the 
various measures to cope with global warming of 
the Ministry of the Environment and the Ministry 
of Education, Culture, Sports, Science and 
Technology. In particular, the “developing next 
generation supercomputer" with the computation 
speed 280 times of Earth Simulator will make 
great progress in the global warming prediction. 
However, in order to achieve the policy for the 
upcoming 20-30 years based on the fourth report, 
and the firth report to follow in a few years, the 
reliability of the prediction is the key. To improve 
its reliability, high quality and high resolution 
observation data is required for the initial and 
validation data and improvement of the model. 
5-2   Construction of ocean data assimilation 
system
   No versatile technique is available to observe all 
oceans at a time as an oceanographic surveillance 
technique. Then, how we can create the "Global 
Oceanographic Observation Data" which can 
be applied to “Global  Change Simulat ion 
Model”? The answer is to incorporate the various 
observation data such as the Argo Project into the 
Ocean Data Assimilation System. Therefore, a 
measure that integrates various observation data 
and make the "Global Oceanographic Observation 
Data" set should enable provision of the effective 
earth observation data and its update without taking 
a large sum of budget newly applied. GEOSS has 
proposed the exactly same system in the 10-Year 
Action Plan. 
5-3   Enhancement of global oceanographic 
monitoring system
   The ocean monitoring described in Chapter 3 
is maintained by the research and development 
expenditure of Japan Agency for Marine-Earth 
Science and Technology (JAMSTEC). The 
budget scale for FY 2007 is about 800 million yen 
(including 30 million yen for Argo Project, 20 
million yen for International Repeat Hydrography 
and Carbon Project, and 300 million yen for 
TRITON buoy) except the ship operation cost. 
As those projects are conducted by the individual 
project divisions of the independent administrative 
Agency, JAMSTEC, it is not promising if those are 
sustainable in the future. In order to provide the 
"Global Oceanographic Observation Data", while 
Figure 7 : Concept of global oceanographic monitoring system
Prepared by the STFC based on the figure provided by Dr. Masao Fukasawa, Japan Agency for Marine-Earth Science and 
Technology (JAMSTEC)
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enhancing the ocean monitoring such as fulfillment 
of the buoy observation network, as well as to 
manage the Ocean Data Assimilation System, 
approximately 50 % of increase of the budget may 
be necessary in the future.
   It is inevitable to have a long-term monitoring 
system to keep watching the ever-changing 
world oceans. Its support is necessary as a 
countermeasure. A tremendous amount of budget is 
required for Earth Observation, such as launching 
satellites and ship operation costs. Meanwhile, 
if the existing ocean monitoring projects are 
integrated, Japan can contribute to the global 
change prediction that is the primary purpose 
of GEOSS. For an effective and continuous 
monitoring of the global oceans, there should 
be a mechanism to secure a fund sufficient to 
establish and maintain the “Global Oceanographic 
Monitoring System” to integrate the global ocean 
monitoring and the ocean data assimilation.
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1 Introduction
   Global Warming effects, the frequent abnormal 
weather phenomenons which cause torrential rain 
and hurricanes in various parts of the world, and 
also Arctic Ocean ice decrease, are being exposed 
faster than the anticipated. Therefore we, are facing 
a pressing situation in terms of greenhouse gas 
reduction
   In the past,  the scientists gave warning 
cautiously, and the process of scientifically testing 
Global Warming requires the accumulation of 
a variety of knowledge and opinions. However, 
the Intergovernmental Panel on Climate Change 
(IPCC) publicly announced the 4th Assessment 
Report from February 2007 to May 2007, which 
states that it is appropriate to define Global 
Warning, which was observed after the middle 
of 20th century, was caused by the greenhouse 
gases made by human activities.[1-4] It also strongly 
warned of the necessity for swiftly implementing 
greenhouse gas reduction measures in order 
to prevent it from exceeding risk levels, as the 
negative effects are increasing, accelerating, and 
spreading globally. Thus, the main proposition 
(thesis) in terms of the Global Warming problem, is 
to step into a new phase of “how to respond to” the 
problems of climate change, from the phase of only 
“defining” the phenomenon of climate change.[5] 
   Conventional environmental issues were tackled 
individually in the past. However, in the case of 
Global Warming issues, it is difficult to respond 
and solve the problems of phenomena and region 
by technical optimization in one piece, or by 
knowledge of single academic field,  Problem-
solving based approaches become more important, 
because Global Warming are global social issues 
that have more complicated and confused factors. 
Then we essentially need to ask ourselves how 
society should be in the future from the wider 
viewpoint.
   The concept of “Sustainability” is presented as an 
ideal state of social development for harmonizing 
the global environment and human society. The 
science, technology and economic systems in the 
21st century is called the “environmental era”, 
and this concept is the keyword for developing 
discussions during various opportunities in 
government and business sectors or in cross-border 
situations.  Especially in the western academe, 
implementation is becoming more active for 
establishing “Sustainability Science”, which is 
the new interdisciplinary and integrated field for 
the various pressing global issues in recent years. 
It is not only made up by a single academic field 
fractionalized as in the past, but also by problem 
solving based approaches.
   This document outlines the circumstances in 
which Sustainability Science is rapidly developing, 
as well as the background of Global Warming 
problem trends, and the measures for climate 
change in the recent years.By summarizing the 
research trends of Sustainability Science in various 
major countries, and comparing the contributions 
of countries in the 4th Assessment Report of 
IPCC, Japan’s position and the international 
presence of Japanese researchers can be analyzed 
quantitatively. In considering this, the proposals 
will be summarized on the Sustainability Science 
research in Japan in the future.
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Figure 1 : Reflection process of scientific findings concerning global warming issue to the policy
Prepared by the STFC based on Reference[6]
2 The background of 
sustainability science
2-1   Characteristic of global warming   
problems and roles of science 
   An outstanding characteristic of Global Warming 
problems, comparing with other  various social 
issues, is that the knowledge and opinions of 
Natural Science should play a critical role when 
policy makers prepare and implement measures. 
In order to provide a variety of information and 
data for the decision-making processes of political 
measures for Global Warming risks, such as the 
required reduction volume of greenhouse gas and 
other concrete measures and processes, a great deal 
of research resources have been invested in and 
the scientific knowledge and opinions have already 
been accumulated.
   Aiming to show that the big picture of such 
scientific knowledge and opinions are reviewed 
and streamlined, the IPCC was established upon 
the consensus of various national governments in 
1988. This process has been established in order 
to reflect the measures for climate change, as well 
as scientific knowledge and opinions.(Figure 1) 
The effects and prospects of climate change intend 
to be for long periods of 100 years and the large 
uncertainty needs to be considered.  Therefore, the 
IPCC has published the Assessment Report every 
couple of years, and in order to realize the timely 
improvement of political measures, it includes 
the latest knowledge and opinions.  Three groups 
are formed; The Working Group 1 (WG1 for the 
Physical Science Basis), the Workng Group 2 (WG2 
for Impacts, Adoptions and Vulnerability) and the 
Working Group 3 (WG3 for Mitigation of Climate 
Change), and they have each published individual 
Working Group Reports.[1-4] 
   Response to the latest 4th Assessment Report 
(AR4) has confirmed the effects of human 
activities is the cause of Global Warming, the main 
object of scientific activities is extremely necessary 
to shift from “clarifying” natural phenomenon 
to “mitigation” and “adaptation”.[1] And the 
scientific rolls for the Global Warming problems 
Global warming / risk elucidation
Climate system change / 
characteristics
Vulnerability / impact assessment
Permissible range of CO2 emission
How much emission is allowed?
A path for reducing 
emission
How much we should reduce 
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International framework/Domestic policy study
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䋼UNFCCC/Government etc. 
Long-term international, domestic Global warming 
prevention policy making and execution䋾
Scheme for Emission 
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What kind of technology / social system / 
policy can reduce it?
Climate change observation
Climate mechanism elucidation
Climate change influence 
prediction model
Carbon balance 
Critical level identification
Emission scenario
Stabilization scenario
De-Global warming scenario
Technology development 
e.g. new energy
assessment of domestic policy effect
National emission assessment
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Table 1 : Comparison of various system design approach
 Prepared by the STFC based on Reference[7]
will be continuously important in the future. 
And also in Japan, the discussion on strategy 
implementation of adaptation measures was started 
by the “Ministerial Meeting of the Gleneagles 
Dialogue on Climate Change, Clean Energy and 
Sustainable Development” in the Ministry of the 
Environment. [5] 
2-2    Trends and subject of climate change    
political measures
   The UN Framework Agreement on Climate 
Change, the most fundamental framework of 
global climate change policy, was adopted in 
1992, and put into force in 1994. It is presently a 
universal pact which most countries in the world 
have signed, including 188 countries and European 
Proposal System approach Description Main issue
P
roposal how
 to determ
ine the em
ission target 
Multi-stage approach
Additionally increase countries committed for the Kyoto 
Protocol emission standard.  Developing countries 
are imposed to commit the carbon consolidating level 
improvement target, depending on the income level and 
will be included to the committed countries when a certain 
economic development standard is achieved.
Less incentive for U.S.A. 
/ developing countries in 
participation.
Emission standard / fuel cost 
standards proposal
（Sectoral Approach)
Set emission / energy efficiency standards for individual 
technologies and products, and aim at less emission per  
sector.
Less incentive for consumers 
Availability for global warming 
countermeasures.
Brazilian proposal Allocate emission commitment based on the total past emission estimate of each country.
Availability of past data/ 
reliability of the data.
Triptique Approach
Classify into 3 kinds of emission groups: public welfare, 
industry and power generation. Bear the emission target 
by multinational negotiation by taking into consideration of 
the difference of economic structure. 
Consistency / reliability of 
data acquisition.  Equitable 
agreement.
Reduction/ convergence 
proposal
Divide emission tolerance to each country to make the 
uniform ratio of greenhouse gas per person in a mid and 
long term.
Incentive for population 
growth. Lack of care to 
regional conditions.
Carbon dioxide intensity target 
proposal
In consideration of the economic development situation of 
each country, impose an emission target per GDP (carbon 
dioxide intensity).
Availability for prevention of 
global warming.  Link with the 
international emission system.  
Equality of system design.
P
roposal for less em
ission m
easures
Safety valve proposal
Cap the emission trading prices (safety valve) to reduce 
uncertainty of expense burden of countries to commit to 
reduce emissions.
Equality considering the 
population shift.
International carbon tax 
proposal
Agree on the globally common carbon tax to charge 
annually, to maintain equality to reduce uncertainty of the 
expense burden.
Difficulty to achieve 
international agreement 
between the resources 
production / consumption 
countries.
Regional measures proposal Agree on various proposals of different regions to supplement and replace the multination agreement.
Equality of the process.
Availability for prevention of 
Global warming.
Two track approach
Provide two types of commissions for each system 
(emission target or political measures) for participating 
nations to choose.
Feasibility of emission 
reduction target for the 
developing countries.
Secure human and financial 
resources of developing 
countries.
Increase administrative costs 
due to complexity of the 
system.
O
ther proposal
Sector-based CDM
Specify the commitment of Clean Development 
Mechanism (CDM) for the specific amount determined for 
sectors of the developing countries, by using the Kyoto 
Protocol.
Secure human and financial 
capability of the developing 
countries.
Sustainable Development 
Political Measures (SD-PAM)
Specify the commitment to the developing countries to 
make greenhouse gas emission control policies in the 
national economic plan.
Depend on the self-decision of 
the developing countries.
Link with the international 
emission trade system.
Proposal for technical fund
Found an international fund for financial support 
to research and development of Global warming 
countermeasures technology.
Burden of each country.
Availability for prevention of 
Global warming.
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Communities.  Under this pact, and based on the 
Kyoto Protocol that was adopted a resolution in 
1997, an obligation of reducing the greenhouse gas 
is imposed during the First Commitment Period 
from 2008 through 2012, on the countries which 
fall under the “Appendix I countries” including 
Japan.  The Kyoto Protocol had an immense effect 
in terms of the fact that the international society 
marked the first step of the full-scale measures for 
Global Warning. 
   On the other hand, as ten years passed after 
adoption, various issues are currently pointed out 
on the Kyoto Protocol. Its revision is scheduled 
for after 2013, when the First Commitment 
Period ends. Corresponding to this, the associated 
countries have proposed various approaches of 
system planning and new frameworks.(Table 1)
   At the COP 13 and the COP/MOP3 in December 
2007, the Bali Action Plan was presented in order 
to start discussion on reviewing international 
framework, and a new opportunity was started for 
examining a framework which includes the US and 
developing countries which was a large concern 
in the past.  For the future, it has been agreed 
upon that the comprehensive process to deregulate 
measures and framework establishment works will 
be scheduled to be finished before the COP 15 held 
in 2009. 
   The political situations and economic conditions 
of each country that participates in the new 
framework examination vary, and the national 
interests of greenhouse gas reduction strongly 
conflict with each other.(Table 2) The process 
for forming new international systems and 
framework plans, and reaching an agreement 
on them, are expected to be harder than ever 
before.  Researchers and scientists will be required 
to appropriately provide adequate scientific 
knowledge and opinions, as more complicated 
problems will be assigned as well. Based on the 
understanding of associated social systems, the 
effectiveness of technological means for solving 
problems and the scenarios of greenhouse gas 
reduction should be evaluated. It is also expected 
to contribute to the improvement of measurements 
and systems.  Also, the results of consensus 
building are chiefly influenced by the approaches 
of system-plans for measures among multinational 
negotiations, and they can greatly influence the 
obligations (costs) of greenhouse gas reduction 
for each country. Therefore, scientists are required 
to play much more important “social roles” than 
they were in the past. As the process which reflects 
the scientific knowledge and opinions for political 
measures is being developed, the need is increasing 
for establishing a new knowledge system with 
problems solving based approaches which unify 
and integrate the associated academic fields. 
2-3   Definition of Sustainability Science
   The Sustainability Science, rapidly developed 
especially in Europe and the USA, aims to solve 
various problems concerning human existence 
from the view of “Sustainability”, such as the 
Global Warming problem.
   The trigger for discussion on the concept of so-
called Sustainability can be said to be the World 
Commission on Environment and Development, 
which was established by Japanese proposal in 
1987.[12] This commission, of which the chairperson 
was Ms. Gro Harlem Brundtland  the Prime 
Minister of the Kingdom of Norway, describes 
in its reports that the concept of the “Sustainable 
Development is the development which meets 
the needs of the present without compromising 
the ability of future generations to meet their own 
needs”. 
   Afterwards, response to the various discussions 
on how to realize the sustainable development 
became act ive a t  the  “UN Conference on 
Environment and Development (Earth Summit)”, 
which was held in Rio de Janeiro in 1992. At 
the “World Business Council for Sustainable 
Development”, the necessity of an interdisciplinary 
research system which aims at crossing the 
boundaries of the traditional and existing academic 
fields was recognized, 
   Wi th  th i s  background ,  the  concep t  o f 
Sustainability Science was proposed in the USA 
by R.W.Kates of Harvard University and others at 
the beginning of the 2000s.[13]  The Sustainability 
Science aims to research the various global-
scale issues which have come up, including the 
foundation of human survival as a whole.  It 
aims to solve wide range issues, such as not only 
the Global Warming problem, but also finding 
measures for poverty, welfare, health maintenance, 
peace and security.  As a result, this will integrate 
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the segmented academic fields for solving issues, 
and seek for integrated approaches crossing the 
boundaries of the traditional academic fields of 
Natural Science, Social Science and Humanities.  It 
has been developing rapidly and variously in recent 
years, centering on Europe and the USA. However, 
the situation until now cannot be said to have 
established an effective methodology.
   At first, the Global Warming problem was one of 
the Sustainability Science subjects along with the 
North-South poles and poverty issue.  Later, as the 
negative effects of the Global Warming problem 
are increasing and deepening, it has become 
accordingly, the current central issue. (Figure 2)
Trends of sustainability science 
rsearch for the global warming 
problems
3-1    Fundamental proposition and research  
topic
   The final goal of Sustainability Science in terms 
Positioning / Policy trend
Situation of greenhouse gas 
emission
Compared 
to the 
standard 
year/ 
Protocol 
target
Conversion 
per person
To GDP
（2000）
U.S.A.
Although the United States separated from the Kyoto Protocol in 2001, 
there are still discussion on emission rights by the state governments and 
private enterprises.
Discussion is still active at Federal Government level after the interim 
election in 2007.
Participated in COP13 Bali Action Plan to announce involvement of the 
framework discussion to expand the international measures for mitigation 
(=commitment or action by all the developed nations).
・Greenhouse gas initiative (RIGGI)　by 9 states of East Coast ⇒ Aiming 
10% reduction compared to the current status by 2018, with the emission 
rights control starts in 2009.
・Federal Government submitted many drafts for emission rights related 
legislations (for all the 6 greenhouse gases, for a significant reduction of 
50% by 2050).
13.8% 
(2000)
/ (▲ 7%)
A 5.5t-C/ 
person
151t-C/ 
USM$
Europe
Taking a lead of the climate change international negotiations throughout. 
Reallocate the emission reduction target of the entire EU by the burden 
sharing.
Aiming to frame the Kyoto Protocol type system to set the global target of 
emission reduction based on the achievement of E-ETS for the post-Kyoto 
framework.
・Start EU emission quote trading system (EU - ETS) ahead of the world 
in January, 2005.
・The policy framework common to EU nations to be presented to achieve 
the target of  Kyoto Protocol by European Climate Change Plan (2006).
▲ 2.9% 
(2002)
/ ▲ 8%
A 2.1t-C/ 
person
124t-C/ 
USM$
Russia
The largest emission framework in the current emission system, due to 
economic slump after the disintegration of Soviet Union.
Although Russia’s ratification played a key role for Kyoto Protocol,  Russia 
is interested in and places more importance on economy and social 
issues, than climate change. 
▲ 33.8% 
(2000)
/0%
A 2.7t-C/ 
person
1423t-C/
USM$
Developing countries
Maintains the negotiation power to the developed countries as one group 
(G77 + China) 
There are many different stakeholders.
Announced the involvement in the framework discussion for expansion of 
the global mitigation measures in COP 13 Bali Action Plan (=Actions to 
reduce emission with a measurement/report and review method as long 
as possible for the developing countries.
・Superpower of emission (China, India and South America): taking a 
lead in discussion of the developing countries. Requests supports and 
commitment to the developed countries.
・Oil-producing countries (middle east): concerned about decrease of 
oil money.
・Association of small island countries: requested a severe emission 
reduction to all countries, including developed and developing 
countries.
・Least developed among developing countries: emphasized on the 
position of a victim, same as island countries.
※ China
33.3% 
(2000)
/none
A 0.6t-C/ 
person
※ China
820t-C/
USM$
Japan
Emission increased, though Japan has a commitment of emission 
reduction.
If purchasing the excess from overseas, public funds burden of 1-2 trillion 
yen is expected per year.
On the other hand, while concentrating on the equality of Kyoto Protocol, 
no discussion/introduction of economic sanctions such as ecotax / 
emission rights trading system has advanced.
+6.4% 
(2006)
 ▲ 6%
A 2.5t-C/ 
person
68.9t-C/
USM$
Table 2 : Positioning of climate change policy of each country and trends of greenhouse gas emission
 Prepared by the STFC based on Reference[7-11]
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of the Global Warming problem is to stabilize 
the level of greenhouse gas in the atmosphere, 
and to make the foundations of human survival 
be sustainable. The process cycle for reaching 
that final goal is thought to be divided into seven 
steps, as shown in Figure 3 in the items (1) – (7). 
Various research topics are set up corresponding 
to the Fundamental Proposition of each stage; 
however, they are all research topics which require 
the interdisciplinary academic fields to cross the 
boundaries of natural science, social science and 
humanities. The environmental field relatively 
has practiced the integrated implementation in 
the past, however, the research topics which the 
Sustainability Science covers, include a wider 
range of subjects than before. This complicates 
relations of mutual interests, and this characteristic 
calls for much more comprehensive knowledge, 
as well as the integration and systemization of 
multiple academic approaches. 
   The above reflects the following features which 
Global Warming problems have:
   First, it is estimated that the negative effects 
caused by the Global Warming is large and 
irreversible. There is a threatening possibility 
of permanent damage if any actions are taken 
before perfect and reliable evidence is provided. 
Secondly, complicated factors and structures exist 
which make the cost allocation of each global 
warming measure difficult. As a result, it will 
be difficult to clearly identify the relationship 
between an independent action as a cause and any 
negative effects. For example the substances which 
deplete the ozone layer pollute the atmosphere and 
contaminate water. Thirdly, problem resolutions 
concerning the differences between the developed 
and developing countries are especially necessary. 
This includes the stages of economic development, 
the living standard, and the contributions to factors, 
the degree of influence, and the responding ability. 
The fourth feature is that greenhouse gas emission 
is caused by energy use for all economic activities 
such as manufacturing, services, transportation, 
and agriculture, as well as everyday human life. 
Therefore, the problems cannot be solved without 
changing the current fundamental states of the 
economy and society. 
3-2   Research trends
(1) Research trends in Europe and the USA
   In the USA where the concept of Sustainability 
Science was first proposed, the “Sustainability 
Figure 2 : Sustainability science topics and change of global warming issue status
Prepared by the STFC based on Reference[14]
Global
warming
Mass Production,
Consumption,
Destruction
Global system
Climate,
Resources, Energy,
Ecosystem
Poverty,
Natural disasters, 
Infectious diseases
Social system
Politics, Economy,
Industry, Technology
Human system
Security, Lifestyle,
Values and Norms,
Health
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Science Project” was led by the Kennedy School of 
Harvard University from 2000 through 2003, and 
it was funded and started by the National Science 
Foundation (NSF) in the USA.[16] The forum 
activities, which were established through this 
project, have led to the Innovation on Science and 
Technology for Sustainability ISTS forum which 
has been developing with a wide variety of links,[17] 
and currently belongs to the American Association 
for the Advancement of Science AAAS. Various 
organizations contribute funds, such as the Federal 
Government, State Government and private 
sectors, and many research programs led by the 
universities are proceeding. (Table 3)  In Europe, 
many similar research programs which are led 
by the United Kingdom, the Kingdom of Sweden 
and the Kingdom of the Netherlands are also in 
progress.(Table 4) 
   The topics taken up for the research vary from 
modeling the “resilience (adaptation ability)”, and 
focusing on integration approaches of technology, 
ecosystems, and social systems, to focusing on 
human resource training for policy makers who are 
in charge of planning related policies in government 
organizations, as well as the leaders who will 
solve the issues at  international organizations 
and private sectors through integrating (unifying) 
the analyzing skills in the science field and the 
skills of establishing political plans and measures. 
( Table 5(a)) The subject social system scale varies 
as well, from the community of a regional society 
to the national level and the international society. 
(Table 3 and Table 4)
   The  researchers  who grapple  wi th  the 
Sustainability Science are mainly in the fields 
of engineering, business administration, policy 
science, and biology. In addition, there is 
participation from various academic fields crossing 
the academic borders of Humanities, Social 
Science and Natural Science with problem solving 
approach. (Table 5(b)) 
   The methodology is not necessarily adequately 
Figure 3 : Basic thesis and research topics of sustainability science concerning global warming
Prepared by the STFC based on Reference[15,28]
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University Base / program name Main purpose / Research Topics Department (Host underlined) Classification
Columbia University earth 
science information network 
Kokusai center (CIESIN / US) 
http://www.ciesin.columbia.edu
Fusion of society / nature / information 
science.  Coaction of human / environment.  
Sustainable environment, happiness, poor 
eradication.  Suggest space mapping data 
and ESI (an Environmental  Sustainability  
index) by United Nations millennium project.
CIESIN Study
Ohio State University resilience 
center (US)
http://www.resilience.osu.edu
Resilience (adaptability) modeling of an 
industrial system such as the manufacturing, 
transportation, energy, architecture, 
agribusiness, retail trade.  Short-term risk 
management and long-term sustainability 
acquisition.
Unification systems 
engineering
Architecture, public policy, 
business (environment / 
resources)
Study /GP
Wisconsin Matheson University
Sustainability・global 
environment center (SAGE /US) 
http://sage.wisc.edu
Coaction of natural resources / health / 
security / global environment.  Ph.D. program 
and post-doctoral researcher training.
SAGE Study /GP
University of Texas Austin 
school
Sustainable development 
center (US) http://utcs.org
Sustainable design / plan / development.  
Complementary program of study / education 
/ community participation.
Architecture, architectural 
engineering, public, business
Study, education, 
service fusion /GP
Michigan State University 
system fusion /  Sustainability  
Center (CSIS / US)
http://csis.msu.edu
Creative system / field fusion 
(environmentology / social economics / 
population statistics) beyond a limit of arts, 
social science and natural science.  COE 
establishment and researcher training 
concerning sustainability for region, nation 
and world
CSIS, environmental science, 
policy, plant ecology, 
pedagogical psychology, forest
Study /PG
Kansas State University 
environmental management /  
Sustainability Consortium (US) 
http://engg.ksu.edu/CHSR
Sustainability Science, sustainable 
development.  Community participation.
Chemical engineering, 
agriculture
Study, education, 
service fusion /GP
Delaware university energy 
/ environmental policy 
center (CEEP / US) Energy 
Environmental Policy Program
http://ceep.udel.edu.
academics/phd/enep.htp
Coaction between politics / economy / 
environment, and policy study.  Educational 
program (environmental Dr. energy policy 
master /, Dr. technology / environment / social 
master /) of four subjects.
CEEP, agriculture natural 
resources, the humanities, 
engineering, the ocean, 
pedagogics, a public policy
Study, education, 
service fusion /GP
Clark University
 Environmental Science 
Program (US)
http://www.clarku.edu/
departments/ES
Fusion of social science / physics / 
biological science.  Department educational 
program comprising earth system science 
/ environmental protection biology / 
environmental science policy courses.
Environmental science, 
economics, political science, 
chemistry, philosophy, physics, 
control
Education /UP
Environmental Science Policy 
Program (US)
http://www.clarku.
edu/departments/idce/
academicsGradESP.cfm
Integration of environment / technology / 
society / development.  Understanding on 
environmental issues, creative solution skill, 
literacy, multiple cooperative skillEnvironment 
and health, sustainability of climate and 
energy, environmental management policy.  
Master educational program.
Environmental science /  
policy, earth science, biology, 
mathematics, calculation 
science
Study, education, 
service fusion /GP
The University of California
Environmental science program 
(US)
http://oie.ucla.edu/major.htm
Sustainable development.  Coaction of 
human and environment.  Influence of 
rapid increase of population and economic 
development to global environment
Environment, atmosphere / 
oceanography, engineering 
works / environmental 
engineering, earth science, 
biology, evolution biology, 
environmental health,
Education /UP
Michigan State University
Environmental science policy 
program (US)
http://www.environment.msu.
edu
A fusion program about an environmental 
science policy.  Ability for Model T and 
various research and management skill in 
various fusion areas for problem solving of 
complicated environmental issues Ph.D. 
program auxiliary specialty and a master's 
course program.
Environmental science / a 
policy, agnoromy, animal 
science, biochemistry, material 
chemistry, the other majority
Study, education, 
service fusion /GP
Arizona State University
International  Sustainability  
Institute (GIOS / US)
http://sustainable.asu.edu
Cooperation by different fields / 
unification.  Next generation leader 
training, corresponding to various problems 
(urbanization, sustainable energy / 
resources, aquatic resources / food shortage, 
biodiversity depletion, economic development 
and reformation of society, socioeconomic 
adaptability).
GIOS, architecture, 
landscaping, engineering works 
/ environmental engineering, 
economy, ground physical 
science, a law, public policy
Study, education, 
service fusion
Table 3 : Research trends of sustainability science in universities of western countries
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University Base / program name Main purpose / Research Topics Department (Host underlined) Classification
University of Notre Dame
Biology / environment / society 
international coupling program 
(GLOBES / US)
http://globes.nd.edu
International coupling of biology / environment 
/ society.  Field fusion of natural science / 
humanities / laws
Problem solving type leader training
A Ph.D. program  (NSF fund).
Biological science, 
mathematics, physics, 
chemistry, biochemistry, 
economy, dosage economy, 
philosophy, history
Study, education, 
service fusion /GP
Iowa State University
Sustainable agriculture program 
(GPSA / US)
http://www.sust.ag..iastate.
edu/gpsa
Next generation agriculture sustainable in the 
society, economy and environmentNatural 
resources multi-purpose control.  Systematic 
thinking, structure of problemsCooperation 
with different fields and leadership skill
Agriculture / creature systems 
engineering, agriculture 
education, animal science, 
anthropology, biology, 
economy, food science, others
Study /GP
Yoke University  Sustainability・
Innovation  Institute (IRIS / 
Canada)
http://www.iris.yorku.ca
Multi-field research group with 11 professors 
concerning sustainability from a school
A community-based study service 
offer (sustainable Toronto) to Canadian 
Government  Sustainable supply of water use 
of Mongolia etc.
IRIS Study, education, 
service /UP / GP
Florida international university 
Latin America Caribbean center 
Sustainability Science Institute 
(ISSLAC / US)
http://lacc.fiu.edu/centers_ 
institutes
Problem solving type research concerning 
coaction of environment, society of Latin 
AmericaFusion of natural science and 
social science.  Sustainable development 
promotion, integrated system for adaptation 
control, social education program.  Forest 
community control in Mexico  Integrated type 
community oriented research
Environment Study /GP
University of California LA 
school
Sustainability・Leader Program 
(US)
http://www.anderson.ucla.edu/
leadersinsustainability.xml
Multi-field type leader training concerning 
sustainability.
Management, laws, public 
policy, public health, application 
science, engineering, 
geological feature, economy, 
environment
Study, education, 
service /GP
Pittsburgh university Mascaro  
Sustainability Initiative (MSI / 
US)
http://www.engr.pitt.edu/msi
Training of students in engineering through 
multi-field researches in order to establish a 
sustainable community infrastructure (NSF / 
Education Ministry fund)
Chemical engineering, the 
other university (Pennsylvania 
state establishment size, 
Carnegie Mellon Univ.)
Study, education, 
service /GP
Alaska Fairbanks University
Resilience program (US)
http://www.rap.uaf.edu
Integrate the approaches of biology / 
economics / policy science / community 
/ community development, understand a 
local system function and aim at acquisition 
of sustainability of environment / economy 
/ culture.  Training of problem-solving 
skills concerning sustainability of a region 
, for  scholars / policy makers / corporate 
management
North Pole biology, 
anthropology, biology, 
economy, geological feature, 
geography, natural resources 
control, policy
Study, education, 
service /GP
Loma Linda University
Social policy / society study 
program (US)
http://www.llu.edu/llu/grad/
socialwork/phdmain.html
Acquisition of the integrated procedure that 
is necessary for the field of sustainable 
development policy.  Agenda is: health / 
knowledge management / agriculture / natural 
resources, poverty control
An fusion curriculum for Ph.D. programs of 
the fields of social science / social ethics 
/ study procedure / statistics / information 
technology.
Social circumstances, the earth 
/ biological science, public 
health, information geological 
feature
Study, education, 
service /GP
Harvard University international 
Development Center
Sustainability Science Program 
(US)
http://www.cid.harvard.edu/
sustsci
Understanding of coaction of  human / 
ecosystem.  Research and development, 
improvement of community management 
Globalization and sustainable development.  
Ability development by international 
cooperation networking  Sustainability 
of agriculture, biodiversity, city, energy 
/ resources, health, waterFellows from 
post-doctoral researchers from graduate 
schools and industry-academia programs 
to participate in a project for 5 years at the 
shortest
International development 
center, Kennedy school, public 
health, medical treatment, 
education, laws, business
Study, education, 
service /PP
Pennsylvania Clarion University
Sustainability / policy science 
program (US)
http://www.clarionedu/
departments/phys/sustainability
Foster problem solving skills by integrating 
analysis skill and policy making skillA wide 
range of human development for green 
business, state governments and NPO
Physics, a creature, chemistry, 
mathematics, communication, 
the human, geological feature, 
earth science, economy, 
philosophy
Study, education, 
service /UP
University of California San 
Diego school
Environment / sustainability 
initiative (US)
http://esi.ucsd.edu
Education and ability development for 
sustainable problem solvingInnovative 
cooperation home and abroad, or industry 
and academia
Problem solving of region, nation and world
Oceanography Study, education, 
service
 Note: Abbreviation: UP (Undergraduate Program), GP (Graduate Program), PP (Post-graduate Program)
Prepared by the STFC based on Reference [18]
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established, but the discussions for the next phase 
of development, such as curriculum designs, 
career paths of researchers who participate, and 
the necessary partnerships, have been made rapid 
progress. This is possible through establishing 
a network among government, industry and 
academia centering on the universities as a base, 
and implementing various research projects in an 
integrated manner. (Table 6)  
(2) Status of Japan
   Based on the 2nd Science and Technology Basic 
Plan (FY2001 - FY2005), the Council for Science 
and Technology Policy (CSTP) established a 
Project Team, collaborating with ministries and 
government offices, for Technology to Prevent 
Global Warming, which was called the “Global 
Warming Research Initiative” (FY2002 - FY2006). 
This is aimed for the integrated promotion of 
climate change related research in Japan.[19] The 
initiative had three intentions; (1) to realize 
technology for reducing 6% of the greenhouse 
gas in Japan compared to 1990, which was in 
the First Commitment Period, (2) to propose and 
submit the scenario of greenhouse gas reduction, 
and (3) to establish the foundation to provide 
scientific knowledge and opinions for contribution 
to the decision making of climate change treaty 
framework, based on the purpose of international 
cooperation. This has established four programs 
in the field of climate change, which are the 
“synthetically monitoring of Global Warming,” the 
“future forecast and climate change research,” the 
“effects and risk evaluation” and the “responding 
policy research,” and this has launched and 
promoted various researches in an integrated 
manner. 
   Under the 3rd Science and Technology Basic 
Plan (FY2006-FY2010), environmental sciences 
have been selected for one of four priority fields 
to be promoted, and they have specified the 
most important research topic as the “Global 
Warming and Energy Problem Resolution” in the 
implementation strategies by field.  A new activity, 
however, which corresponds to the initiative 
operated under the 2nd S&T Basic Plan, has not 
been started as of today.
   In this period, centered on five local universities 
led by the University of Tokyo, the Integrated 
Research System for Sustainability Science IR3S 
was started. The IR3S consists of the Planning 
headquarters, the research Headquarters of the 
five participating universities, and six cooperation 
organizations.(Figure 4) They all promote the 
integrated flagship project associated with the 
Sustainability Science focusing on the academic 
field each participant specializes in. 
   The IR3S’ aim is to ultimately provide the 
measures, visions, standards and indicators in 
order to re-establish the systems underlying human 
existence, by defining and solving the occurrence 
mechanism of global problems from the view 
of “Sustainability.” It also aims to establish the 
methodology of Sustainability Science, promote 
outreaching activities for societies, provide 
personnel training for research, periodically 
issue international academic papers, cooperate 
internationally, and practice wide-range activities 
in an integrated manner in order to build a world-
class foundation and network for Sustainability 
Science. 
3-3    Bibliometric of the IPCC 4th assessment 
report for quantificating trends of 
sustainability scinese
   The Sustainability Science is a newly integrated 
academic field and thus it is difficult to measure the 
development status quantitatively. On the item of 
problem solving for the Global Warming problems, 
however, the IPCC Assessment Report can be said 
to be the accumulation of scientific knowledge 
and opinions most strictly selected at the present 
time. Therefore, when comparing the contribution 
level by country in the IPCC Assessment Report, 
Japan’s position on Global Warming problems in 
the research activities of Sustainability Science is 
measured qualitatively. 
   Since the 1st Assessment Report (in 1990), the 
IPCC has released an Assessment Report every 5 
years. The basic content of the Assessment Report 
is mostly consistent, and consists of three reports 
prepared by the 1st Theory-Oriented Research 
Group (Natural Science Reasons: hereinafter called 
“WG1”), the 2nd Theory-Oriented Research Group 
(effects, adaptations, vulnerability: hereinafter 
called “WG2”), the 3rd Theory-Oriented Research 
Group (climate change mitigation: hereinafter 
called “WG3”) and the synthetic report (SYR). It 
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University Base / 
program name Main purpose / Research Topics
Department 
(Host underlined) Classification
arXiv University 
(Spain)
Environmental quality 
and sustainable 
development (Spain) 
http://wzar.unizar.
es/servicios/epropios/
oferta/194.html
Sustainable development, systematic 
thinking,  sustainability index, environmental 
efficiency of natural resources/energy, 
social economy, poverty factor / causality / 
solution We supplement an education gap 
of the fields of fusion.  Invite lecturers from 
inhouse and outside of the school, such as 
International NPO (Lead) For engineers, 
scientists, a managers, school teachers, 
government officials.  A graduate school 
program aiming personnel training to create 
sustainable development.
Mechanical engineering, 
chemical engineering, 
environmental engineering, 
applied physics, public law, 
environment, an environmental 
education
Study, 
education, 
service fusion 
/PP
Sussex university
Unification 
sustainability center 
of society / technology 
/ environment
(British STEPS)
http://www.steps-
centre.org
The international research hub established 
in October, 2006.  Supported by Economic 
Social Research Council (ESRC) of UK 
Government Scientists / government 
officials / citizens / industry to participate 
in the  program home and abroad ESRC 
provides the competitive research fund 
for 5-10 year projectAiming an integrated 
approach of technology / ecological system 
/ society to realize sustainable and resilient 
society (adaptability).  Topics to be set such 
as dynamics, governance, negotiation under 
uncertain conditions in the areas of  "food 
and agriculture" “health and disease” and 
“waster and sanitation” Fostering the next 
generation social scientists who are able 
to make full use of dosage / analysis tool 
effective for the actual problems Develop 
a new methodology and evidence-based 
policy study
Development Education
Utrecht university
Sustainable 
development 
(Netherlands)
http://www.geo.uu.nl/
mastersd
Acquisition of technical knowledge / skill 
about sustainable development.  For 
researchers, management and policy 
management in industry, academia 
and governmentAbility  building for 
analysis, planning, implementation, and 
communication concerning sustianable 
development issues from a multiple views of 
humanities and natural scienceCooperation 
with universities in US, Canada and 
EuropeThe curriculum includes "energy 
/ resources", "land use / environment / 
biodiversity", and “" environmental policy / 
control".
Copernicus Institute Study, 
education
Maastricht University
Unification 
assessment 
/ sustainable 
development 
International Center 
(ICIS / Netherlands) 
http://www.icis.
unimaas.nl
Understanding of the concept of sustainable 
development concerning ethics, laws, 
social economics / political science / 
environmental basics
Quantitative assessment of sustainable 
development using the integrated 
assessment methodPractical understanding 
of governance method and business 
approaches from various viewpointAbility 
building for implementation of sustainable 
development and governance as a group 
member of government and industry.
ICIS Study, 
education, 
service fusion 
/GP
Lunds University
An international 
master program 
(LUMES / 
Sweden) about 
environmentology /  
Sustainability Science
http://www.lumes.
lu.se
Ability building for problem solving from 
various aspects through appropriate topic 
settings and mutual relations systemization 
for sustainable developmentCommunicative 
competence.  Ability for analysis / 
measures drafting of complicated problems  
Adaptability to multi-culture / multi-
environment
Sustainability studies center 
(LUCSUS), policy science, 
economic history, environment, 
an energy system, architecture, 
design, chemical engineering, 
geography, sociological 
jurisprudence
Study, 
education, 
service fusion 
/GP
Sustainable 
development 
(Sweden)
http://www.uu.nl/
internationalmasters
Sustainable energy / resources / land use, 
biodiversity, environmental policy / control.  
Sustainability analysis from an academic 
viewpoint of humanity and natural scienceA 
program for Masters Degree
Innovation / environmental 
science, chemistry
Study /GP
Table 4 : Research trends of sustainability science in universities of western countries
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covers all the research topics which Sustainability 
Science intends to cover.(Figure 3) 
   The selection of IPCC Assessment Reports 
authors is subject to keeping objectivity in order 
to completely and comprehensively evaluates 
the scientific facts, and is based on strict rules 
excluding any political pressure.[22] The authors 
are classified into the following four types (kinds, 
classes) by their role: 
(1)  Coordinating Lead Authors (CLA):The author  
in charge of all assigned chapters, the decision 
maker of editing plan
(2)   Lead Authors (LA): The author in charge of 
the assigned chapter
(3)   Review Editors (RE): Supervises and advises 
during the review process
(4)   Contributing Authors (CA):The person who 
collaborates in writing and provides needed 
information (data and documents)
   The CLA and LA are selected from top-level 
research experts in each research field, who 
has been recommended by a government or an 
international organization.[23] This selection process 
is considered to have deviation from origins, 
genders and ages, but the country distribution, 
(Table 7) and the number of CLA and LA selected 
might show a distribution of influential and core 
researchers in a specific research field. Also, the 
authors of CLA and LA write the latest scientific 
knowledge and opinions in their assigned research 
filed, in principle, quoting the refereed theses 
which have been publicly announced in the 
academic periodicals. Therefore, the share of 
Japanese theses,(Table 9) in terms of theses quoted 
in the IPCC Assessment Reports, is thought to 
show the number of Japan research activities. On 
the other hand, a CA collaborates in writing and 
provides the needed information for the parts the 
LA cannot do. In principle, the selection of the 
CA is made by the LA. As the CA, a researcher 
who publicizes the influential international 
theses regularly, participates in and presents at 
the international conferences, and shows his/her 
presence in the international research community is 
selected. Therefore, the distribution of selected CA 
numbers by country (Table 8) is thought to show 
the distribution of researchers who show their 
international presence in their specific research 
field.
   Accordingly, the IPCC Assessment Report 
is thought to make the research activities of 
each country and the international presence of 
researchers evident, by comparing the number of 
authors in a research field and theses quoted from a 
country.
   Referring to the Assessment Reports by each 
WG[2 – 4] in the 4th Assessment Report of IPCC 
which was publicized in 2007, the number of 
CLA, LA and CA are summed up by the country 
and institutions in which they belong. The ratio of 
University Base / 
program name Main purpose / Research Topics
Department 
(Host underlined) Classification
Blekinge Institute of 
Technology
Strategic leader 
program (MSLS / 
Sweden)
http://www.bth.se/
msls to prolonged 
possibility
Aiming leader training and international 
networking for strategic skills of sustainable 
development. 
Sustainable development, innovation 
research initiatives (SPIRT), environmental 
NPO “Natural Steps", and other universities 
such as Kunming  University, China 
and other international institutions for 
cooperation
Engineering, management Study, 
education, 
service fusion 
/PP
East Anglia University
Tyndall Climate 
Change Research 
Center (UK)
http://www.tyndall.
ac.uk
Scientists / economists / engineers / 
social scientists participate in multi-field 
researches and dialogues to achieve 
sustainable society, with industry, 
government officials, press and citizens, 
to lead the world climate change policies 
in England and the world for mid and long 
term. 
Aiming to accumulate knowledge 
concerning sustainability contributing 
to actual policies and actionsIntegrated 
assessment / energy / adaptation, in 
addition to international policy / international 
development / city planning
Tyndall Climate Change 
Research Center, other 
universities (Cambridge, 
Oxford, Southampton, New 
Castle, Sussex University)
Study /PP
 Note: Abbreviation: UP (Undergraduate Program), GP (Graduate Program), PP (Post-graduate Program)
Prepared by the STFC based on Reference [18]
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the numbers of CLA, LA and CA to the whole is 
shown in the Table 7 and Table 8. Also, in the case 
of theses quoted by each WG in the Assessment 
Reports, the theses of which head author has a 
Japanese name are counted as Japan thesis, and 
their shares to the total number of theses quoted are 
compared by WG and shown in the Table 9. 
   The ratio trend that Japanese occupy as authors 
in the three fields of WG1, WG2 and WG3, 
CLA/LA is sixth and for CA is seventh among the 
participating countries in the 1st Theory-Oriented 
Research Group. Their ratios totals are from 4% to 
5%. In the 2nd Theory-Oriented Research Group, 
the Japan’s position is relatively low compared to 
its positions in other Theory-Oriented Research 
Groups. The CLA/LA ratio is tenth and the CA 
ratio is fourteenth among participating countries, 
and their ratios totals has been kept down to about 
2% to 3%. The Japan’s position in the 3rd Theory-
Oriented Research Group is relatively high, as 
theca/LA ratio is second and the CA ratio is third 
among the participating countries, and their ratio 
total is 5% to 8%. If these numbers are compared to 
the number share of theses not-quoted in the whole 
environmental field in Japan, which is 7% ,[24] it can 
be said that Japan more than adequately contributes 
in the subject fields of 1st and 3rd Theory-Oriented 
Research Group. On the other hand, in the subject 
field of 2nd Theory-Oriented Research Group, not 
only is the contribution low from the international-
level viewpoint, but the average of the whole 
environmental field in Japan is also kept at a low 
level.
   The ratio of the papers by Japan, among all the 
quoted papers in the IPCC Report (Table  9) shows 
an improvement of levels in all Theory-Oriented 
Research Groups, for every revision issued, when 
comparing it with the 1st Assessment Report. 
However, if comparing the ratio of Japanese CLA/
LA or CA in the 4th Assessment Report and the 
ratio of Japan in all quoted material, it shows the 
ratio of Japanese papers have decreased in Theory-
Oriented Research Groups as a whole. This means 
that a difference still exists when compared to 
the top level European and American researchers, 
from the aspect of high quality research expansion 
as a whole. The enrichment of the research class 
and their international presence has improved year 
by year, due to the fact that top-level Japanese 
researchers showed their contributions as they 
were selected as CA etc.,.  The share of Japanese 
theses in the field of weather forecast and marine 
Topic The number of       the programs
Human-nature Interactions 12
Policy / Decision-Making 
Relevance 11
Community Engagement / 
Communication 10
System Thinking 8
Sustainability as 3-Pronged 
(ecological, enviro, social) 8
Student as change agent 5
Fusion The number of   the programs
Inter-disciplinary 18
Multi-disciplinary 9
Trans-disciplinary 4
Cross-disciplinary 2
Table 5 : Actual sustainability science of universities of western countries
a)  : Program focus b)  : Disciplinary distinction
School/
Department
The number 
of the 
participation
Department
The number 
of the 
participation
Department
The number 
of the 
participation
Engineering 14
Environmental 
science
6 Geology 3
Economics 12 Humanities 6 Public Affairs 3
Policy science 11 Laws 6 Education 3
Biology 10 Anthropology 5
Health / 
Medicine
3
Business/
Management
10 Chemistry 5
International 
development
2
Arts &  science 8 Geography 4 Mathematics 2
Architecture 7 Physics 4 Sociology 2
Agriculture 6 Urban planning 4
c)  : Collaborating departments
 Source: Reference [18]
The number of 
the programs
University 16
Research Contracts 12
NSF (Federal research bodies) 8
Unspecified “private” source 8
Government (USA) 7
Private foundation grant 5
Student fees 5
Government (Europe) 5
Corporate 4
Government (non-USA/Europe) 3
d)  : Funding sources
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meteorology has been especially improving their 
levels. This is thought to be a result of the large-
sized projects which have been implemented, such 
as the Global Simulator and the Argo Plan. 
   On the other hand, when looking at the situations 
in other countries, the United States, the United 
Kingdom and Canada regularly show their high-
ranking presence in all Theory-Oriented Research 
Groups. Especially, the high-level performances of 
United States’ research, even though they seceded 
from the Kyoto Protocol, is outstanding and gaining 
a lot of attention. In these top level countries, the 
international research is conducted adequately 
for the peripheral countries and regions as well as 
vulnerable regions, other than the research for their 
own land. The Japanese research is thought to be 
insufficient for its contribution from the aspect of 
international cooperation. 
   In terms of the other countries, China and India, 
which do not have any obligations of greenhouse 
gas reduction by the Kyoto Protocol, it can be said 
that they have a presence which is almost the same 
level of Japan. Especially in the research field in 
which the 2nd Theory-Oriented Research Group 
covers the implementation measures, it can be said 
that China and India show a stronger presence than 
Japan, and are closer to the European and American 
presence.  In the future, for the purpose of 
establishing the framework for an implementation 
plan to the COP15 (will be held in Copenhagen) in 
2009 in accordance with the Bari Action Plan, it is 
necessary to observe the research trends of China 
and India, which have performed leading role in 
the discussions among developing countries. 
   The relationship with China as a neighbor 
country, in particular is needed. This can be 
accomplished by inviting Chinese researchers 
more often to the Sustainability research bases 
in Japan, starting international cooperation 
between both countries, networking the associated 
government officials in both countries, networking 
the industry sectors to conduct research for 
Partner classification The number of the programs
Additional university 
department 25
Other university (domestic) 19
Region/State/Federal 
Government 14
Other university (overseas) 12
General 
domestic 12
General
overseas 12
Industry 6
Challenge The number of the programs
Integrating natural and social science research / working across 
academic units 18
Funding : researcher funding & student scholarships 15
Curriculum design 9
Maintaining academic rigor (balance of applied and basic 
research) 7
Creating public-private partnerships/collaborations  4
Rewarding faculty for interdisciplinary work 4
Marketing / attracting students 4
Determining what methods should be taught & used 3
Institutional structure (types of degree programs / number of 
electives allowed)
2
Quality / Quantity of researchers 1
Career tracks in sustainability science 1
Creating practical real-life projects for students 1
Scale (global vs. local) 1
Ensuring diversity within the learning environment 1
Student Retention 1
Table 6 : Topics extracted from sustainability science research program progress of universities in western countries
a)  : Program Challenges b)  : Partners needed
 Note : The number of programs among 49 investigation subject programs of References 
Source : Reference [18]
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adaptation measures, and promoting flagship 
projects. In order to implement this, it is desirable 
to review the supporting system of the international 
cooperative research by the governments. Not only 
for the environmental field, but in international 
cooperation in terms of past scientific technology, 
various associated governmental organizations have 
practiced individually for each political purpose 
at each stage of research, development, practical 
implementation and technology transfer. In recent 
years, a movement has been started to review 
the diplomatic relations of scientific technology 
in whole by a process intending to solve the 
issues. Aiming at improving the problem solving 
abilities of developing countries through scientific 
technology cooperation, the Ministry of Education, 
Science and Culture and the Ministry of Foreign 
Affairs have discussed dispatching manpower, and 
this has been examined by international cooperation 
research, the Official Development Assistance 
(ODA) in cooperation with the Japan Industrial 
Counselors Association (JICA) and the Japan 
Science and Technology Agency (JST). In addition 
to these groups, the Ministry of Economy, Trade 
and Industry (METI) is implementing international 
cooperation projects through the International 
Center for environmental Technology Transfer 
(ICETT), Energy Conservation Center, Japan, New 
Energy and Industrial Technology Development 
Organization (NEDO), and other bodies. The 
Ministry of Agriculture, Forestry and Fisheries has 
individually implemented international cooperation 
projects through Japan International Research 
Center for Agricultural Science (JIRCAS).  It is 
necessary to enforce cooperation between these 
ministries.
   The following shows the status of research 
investments in Sustainability Science done by the 
government of Japan. Figure 5 shows the status 
of scientific research funds in recent years and the 
number of supported projects by each ministry 
as a comparison for each research topic of the 
Sustainability Science.[26] It is mostly occupied by 
the number of research topics selected in the fields 
Figure 4  IR3S / Integrated Research System for Sustainability Science Members
Source: References 20):
Figure 4 : IR3S / Integrated Research System for Sustainability Science members
Source : Reference [20]
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of (2) the carbon cycle and carbon concentration, 
(3) global warming and climate change of the 1st 
Theory-Oriented Research Group, and (6) the 
mitigation measures of the 3rd Theory-Oriented 
Research Group. It is clear that the number of 
selected research topics is extremely small in 
the fields of (1) the social structure and GHG 
emission, (4) environmental and social effects, 
(5) implementation measures, and (7) the social 
system. The degree of Japanese contribution is low 
in the research fields of effects, adaptations, and 
vulnerability, which are the subjects of 2nd Theory-
Oriented Research Group in the IPCC Assessment 
Reports. It is considered that the government 
research investment funds are relatively small for 
these fields, or that researchers do not exist in those 
fields at all. 
   For the research areas such as effects, adoptions, 
and vulnerability, which are the subjects of 2nd 
Theory-Oriented Research Group, there is a need 
for problem solving approaches in Sustainability 
Science and they should correspond to the 
boundaries and integrated areas of natural science, 
social science and humanities.
   As a factor for government research investment 
funds being relatively small to these fields, it 
is considered that there are the peculiar issues 
in Japan which prevent the cooperation to be 
promoted in the boundaries and integrated areas 
of natural science, social science and humanities. 
Table 10 shows the research topic which was 
given at the Council for Science and Technology 
Policy,[27] and the ways solving the issues are 
discussed at the same time. In the future, the 
discussion will be further enhanced for parties 
concerned to additionally enforce, proceed and 
promote specific concrete countermeasures.
   As mentioned earlier, the universities in western 
countries were encouraged to proceed with project 
research and curriculums on the Sustainability 
Science, with the support of central and local 
governments. A wide range of cooperative research 
aiming to solve problems are being developed, 
by crossing the boundaries of natural science, 
social science, humanities and government, 
industry, and academia flexibly and systematics. 
By benchmarking such prominent cases in Europe 
and the United States, it is desirable to establish 
a concrete policy for promoting the cooperative 
research. 
Conclusion and Proposal
   Under the circumstances of expansion and 
the complication in the areas related to Global 
Warming, Sustainability Science has been further 
studied throughout the world as an approach of 
solving problems while crossing the boundaries 
of academic fields in the past. Considering this 
background, the expected issues are summarized 
and the following opinions are offered in order 
to develop Sustainability Science in Japan in the 
future. 
Working group 1
(The physical science basis)
Working group 2
(Impacts, adaptation & vulnerability)
Working group 3
(Mitigation of climate change)
1 U.S.A. 22.5% U.S.A. 10.0% U.S.A. 18.3%
2 The U.K. 10.4% Australia 6.3% Japan 7.9%
3 Australia 8.1% England 5.9% China 6.8%
4 France 7.5% Canada 5.9% The Netherlands 6.3%
5 China 5.2% India 5.0% Germany 5.2%
6 Japan 5.2% Germany 4.5% England 4.7%
7 Canada 5.2% Russia 3.6% Canada 4.2%
8 Germany 5.2% Mexico 3.2% India 4.2%
9 India 4.6% China 2.7% Australia 2.6%
10 Norway 3.5% Japan 2.7% Russia 2.6%
Table 7 : IPCC fourth assessment report: CLA/LA ratio and rank per country
Prepared by the STFC based on Reference[2-4] 
4
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(1) Promote the problem solving based research 
and accumulate knowledge centering on 
universities 
   In the same manner as Europe and the United 
States, the knowledge as the Sustainability Science 
should be systemized, as the universities play a 
key role to promotion in Japan. The University 
of Tokyo has started some approaches in part, 
such as a cooperative research organization. 
However, the first action should be to increase and 
accumulate the associated researchers’ knowledge, 
by promoting a problem-solving-based cooperative 
research based on the needs of policy making. 
In order to achieve this, a concrete target is 
needed to set such an aim, in order to have a large 
contribution to WG2 of IPCC, etc.
(2) Use power of private sectors and secure 
various career paths 
   In order to further promote Sustainability Science 
Working Group 1
(The Physical Science 
Basis)
Working Group 2
(Impacts, Adaptation & 
Vulnerability)
Working Group 3
(Mitigation of Climate Change)
The first report
(1990) 0.7% 1.8% No references
The second report
(1995) 1.1% 2.2% 1.3%
The third report
(2001) 2.2% 1.8% 2.4%
The fourth report
(2007)
3.4%
1.7% 2.9%
★ The field with many 
Japanese papers
・Ocean climate change 
observation: 8.0%
・Climate model 
assessment: 6.0%
・Global climate forecast：
7.2%　
・Regional climate forecast：
4.4%
Share of Japanese 
papers of all 
concerning 
environment/ share 
of the number of 
quotation taken
7.7% / 7.1%
Table 9 : Ratio of japanese academic papers of all quoted documents of IPCC assessment report
Prepared by the STFC based on Reference[14] 
The first working committee
(grounds of natural science)
The second working committee
(influence / adaptation / vulnerability)
A tertiary working committee
(relaxation of climate change)
1 U.S.A. 34.0% U.S.A. 17.8% U.S.A. 13.3%
2 The U.K. 12.4% The U.K. 12.6% The Netherlands 5.8%
3 Germany 8.1% Canada 6.6% Japan 4.7%
4 France 6.2% Australia 5.9% The U.K. 3.7%
5 Canada 5.3% Germany 3.5% China 3.7%
6 Australia 4.9% France 3.3.% Canada 3.3%
7 Japan 4.0% New Zealand 3.0% France 3.3%
8 Switzerland 3.5% India 3.0% Germany 3.0%
9 China 3.4% China 2.8% Austria 2.8%
10 Norway 1.9% The Netherlands 2.8% India 2.6%
14. Japan 1.9%
Table 8 : IPCC fourth assessment report: CA comparison ratio and rank of countries
Prepared by the STFC based on Reference[2-4] 
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research, which leads to problem -solving based 
measures in universities and public research 
institutions in Japan, the topics that should be 
considered from Japan’s viewpoint should be done 
through exchanges with policy makers. Moreover, 
by making closer relationships between the 
universities and the industries, the technological 
capability in the environmental field and private 
sector’s vitality should be used for promotion 
of research in the universities for Sustainability 
Science, as this is an aspect that Japan is proud 
of. If the universities provide the practical 
study opportunities and the places to establish 
wider human relationships with the industries, 
it would be possible to further improve human 
resources. If human resource development meets 
with the industrial needs, implementation of the 
problem solving based research in the universities 
will increase employment opportunities for 
private sectors, and for planning and corporate 
management divisions. This may help secure future 
posts for young researchers in this field and other 
various career paths. 
(3) Improve presence in the international 
research communities through the new 
research initiatives
   In the IPCC, the impending activities for 5th 
Assessment Report (AR5) have already started, 
and are expected to be publicized in around 2013. 
In order for Japan to further contribute to the 
AR5 in terms of the research, needless to say, it 
is considered necessary to improve its presence 
in the international research communities, and 
each researcher should announce their research 
results of Sustainability Science by academic 
papers in English, in order to actively participate 
in international conferences, etc.  In addition, an 
organization to promote associated research is 
essential in Japan, for promoting an integrated 
problem-solving based research approach, such as 
the “Global Warming Research Initiatives”, which 
was established in the Council for Science and 
Technology Policy during the period of 2nd Basic 
Plan of Science and Technology.  It is important to 
increase the Japan’s presence with their research 
results, by establishing a framework to increase 
the opportunities to strongly promote the research 
papers to international research communities.  This 
will require networks provided by the Initiative. 
The human network crossing the boarders of 
countries will as a result be expanded, and this 
will contribute to set research topics to meet the 
needs of international societies. It will then create 
a favorable cycle for researchers to appeal their 
research results with bigger impact to the world. 
(4) Benchmarking the developing countries 
and the international cooperative research 
network to lead the public opinions of the 
international community
   Japan did not tackle the international cooperation 
research for Sustainability Science adequately for 
Figure 5  Number of Projects Adopted per Research Topics in Japan 䋨left: science laboratory, left: ministries project)
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Source: References 26)
Ministry of Education, Culture, 
Sports, Science and Technology 
Ministry of Agriculture, Forestry 
and Fisheries 
Ministry of Land, Infrastructure 
and Transport 
Ministry of Economy, Trade and 
Industry 
Ministry of the Environment
Number 
of cases
Number 
of cases
Figure 5 :Number of projects adopted per research topics in Japan 
( left: science laboratory, right: ministries project)
Source : Reference[26]
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oversea areas, though it is necessary for promotion 
in the future. In addition to this, universities and 
public research institutions should make efforts 
to increase the opportunities of international 
cooperative research independently. The Japanese 
government and industries should also be required 
to participate in the action actively.
   It may be necessary to establish an international 
cooperative research network through the 
adaptability measure research and flagship 
projects, in cooperation with government officials 
and the industries of other countries, by actively 
inviting researchers, especially from China and 
India, for Sustainability Research of Japan. . Such 
networking is effective and useful for the private 
sectors in Japan, which would have expertise in the 
environmental field, in order to plan a new business 
model establishment in developing countries, 
starting with China, one of the promising markets 
of the future. Through collecting local information 
with high quali ty and establishing human 
relationships, it will be possible to promote the 
practical use of research promptly by integrating a 
new technology with the implementation measures 
of the associated countries from an early the stage. 
It is also effective for researchers to strategically 
bring up research and development topics. 
Enriching the area of internationally cooperative 
research, will define and help make understood 
the political needs in areas other than within its 
country. This is thought to be an effective way to 
increase the contribution level of Japan in solving 
various issues in terms of the IPCC Assessment 
Report. 
(5)  Enforce  the  cooperat ion among the 
associated ministries on international 
cooperation projects in the environmental 
field
   A review on the current status is required in 
order to promote international cooperation on 
the problem solving based Sustainability Science 
research, as mentioned above. In the past, various 
associated organizations of the ministries and 
departments conducted support individually 
for not only environmental issues, but also for 
promoting international cooperation in science 
and technology, and in each phase of research, 
development, practical approach and technical 
transfer. It is now important to promote practical 
problem-solving based Sustainability Science 
research in international cooperation projects for 
the environmental field, through the initiatives of 
the Council for Science and Technology Policy, by 
improving cooperation between various ministries 
and departments.
Issue Solution
1.  Research project administration led by natural science 
researchers
As problem solving type of projects of environmental issues are 
raised mainly by researchers of natural science, in most cases, 
they ask researchers of humans science later. Therefore, it 
is hard to share the problem consciousness among them, 
consequently lack of involvement and achievement of the 
researchers of human science.
2. Problems concerning arts and social science
In the research communities of human science field in Japan, 
problem-solving type researches are not always appreciated. 
No incentives for them to positvely tackle the issues.
3.  Lack of common understanding
Lack of understanding on predicate and study logics of natural 
science and social science system.
4. Lack of information exchange
Lack of information exchange with policymakers or NGO etc. 
who directly involved in the real environmental issues
5. Fostering young researchers
There is lack of instructors to teach young researchers of 
necessary skills (wide range of knowledge and specialty) for the 
environmental researches of problem-solvingYoung researchers 
hardly draw their future career path in the new field.
1. Promotion of policy study by collaboration of liberal arts and 
science
In order to achieve the environmental innovation aiming 
sustainable society, it is essential to promote the problem-
solving type researches. More strong and broader policy 
studies to realize the results of studies into the reality are need. 
Study promotion of problem solution type is indispensable 
for the environmental innovation realization that aimed at 
sustainable society, and expansion should strengthen a policy 
study to tie result to a real problem.
2.  Establishment / reinforcement of policy study network
It is necessary to establish a network between policy makers, 
NGO and researchers who intend to solve problems, in order to 
achieve the results reflecting on the policy making by using the 
research seeds of science and humanities
3.Activation of Exchange of Personnel
By promoting exchanges of personnel between the laboratories 
and administration/policy making and raise the issue of political 
needs, the researches are conducted aiming to implement the 
result of studies for policy making eventually.
4. Enhancement of Human Development
It is necessary to foster young researchers by introducing 
sub-curriculum system or enhancement of the context of the 
curriculums beyond the border of different fields, in order 
to  eliminate the barriers of the education system to separate 
humanities and science. 
Table 10 : Problems associated with the cooperative researches
 between environmental field and humanities  sociology field
Source : Reference[27] 
54
S C I E N C E  &  T E C H N O L O G Y  T R E N D S
Conclusion
   Japan hosts the G8 Summit which will be held 
in Toyako in July 2008 and the Global Warming 
problem is planned to be the main agenda. The 
Global Warming problem is an urgent issue for 
Japan in the current situation.  At the Davos Forum 
in January 2008, the Prime Minister Fukuda 
mentioned when he presented the “Cool Earth 
Promotion Program”,[28] is that the keyword for 
confronting the challenges of the 21st century is 
the “participation of all relevant stakeholders” and 
the necessity of cooperation among government, 
industry, civil society, and academia.  This will 
provide a good opportunity for all associated 
scientists in Japan to question themselves on how 
they contribute to the Global Warming issues and 
to appeal once again, the Sustainability Science of 
Japan.
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4
Research and Development Trends of 
Solar Cell for Highly Efficiency
DAISUKE KANAMA, HIROSHI KAWAMOTO
Nanotechnology and Materials Research Unit
1
Figure 1 : Production flow of one diagram solar photovoltaic system
Prepared by the STFC based on Reference[3]
Introduction
   The most notable feature of the solar photovoltaic 
system is the conversion of the solar energy, which 
is usually unused, into useful electric energy. Also, 
it is possible to convert it directly into the electric 
energy without converting the photon energy into 
the thermal and chemical bond energy during 
the electric power generation process, which is 
unlike many other power generation methods. This 
process requires little maintenance because of its 
simplicity, and there is no need to use other energy 
to maintain power generation for circulation of 
the coolant water etc. Another benefit is that there 
is no noise generated. Most importantly, there is 
the advantage of having very little carbon dioxide 
emission for each unit of electric power generated, 
which includes the manufacturing process and the 
purification of the raw materials. 
   Figure 1 shows the production flow of the 
solar photovoltaic system. Although the solar 
photovoltaic system generates no carbon dioxide 
during its operation after installation, fossil 
fuels and other energy sources are needed in the 
production process for the refinement of materials 
and other purposes.  In general, energy payback 
time (EPT) is used as one of the indicators to 
measure the total energy efficiency as a power 
generation system. EPT is the time it takes for the 
system to generate energy in the amount equivalent 
to that required for manufacturing the system. 
According to the estimate of Photovoltaic Power 
Generation Technology Research Association and 
National Institute of Advanced Industrial Science 
and Technology, EPT is about 1.5 - 2 years for the 
poly-silicon solar cells, which are the most popular 
product in the market. [1]  The solar photovoltaic 
system is very effective in terms of energy 
efficiency, as the average life of the poly-silicon 
solar cells is about 20-30 years. 
   As a result of such advantages, the photovoltaic 
power generation market lead by Japan and 
Germany, who are far more advanced than other 
countries, is expected to expand all over the world. [2]
    This report will delineate the trend by focusing 
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Current status of solar cel l 
and diversified research and 
development
2-1   Current status of crystalline silicon solar 
cell known as the first generation solar 
cell – the globalized photovoltaic power 
generation market and its economic 
rationality
   The solar photovoltaic system is mostly limited 
to the markets of Japan and Germany as shown in 
Figure 2.  In the United States however, the solar 
photovoltaic power generation market has grown, 
and the expansion into China in recent years 
shows that this is expected to be extended to other 
regions and countries in the future.  Meanwhile, 
the photovoltaic power generation lives up to high 
expectations of the market, but the biggest issue is 
the cost of power generation. The power generation 
cost of the current photovoltaic power generation 
is 40-50 yen/kWh, which is about twice as much as 
the electricity fee for homes in Japan. 
   The production turnover of the present solar cell 
is: about 60% for single-crystal silicon, about 30% 
for poly-silicon. Therefore bulk crystal silicon 
makes up 90% of all the used material. As a result, 
the cost reduction of both crystalline silicon solar 
cells is the key for the short-term spreading of 
photovoltaic power generation. 
   Unfortunately, it is difficult to expect further 
price decrease of these crystalline silicon solar cells 
(Figure 3). First, the power generation conversion 
efficiency of the material is approaching the 
theoretical value as described below in the next 
chapter. Therefore, the improvement of the 
conversion efficiency of the solar cells available 
in the market has been slight in recent years. 
Secondly, the price of the materials has soared. The 
degree of price decreases for solar cells has been 
declining compared with the price decreases of its 
auxiliary equipments, as shown in Figure 3.  In the 
Figure 2 : Amount of solar photovoltaic system of accumulation introduction
Prepared by the STFC based on Reference[3,5]
2
on the solar cell research and development during 
the production process shown in Figure 1. Much 
of the information about the research trend of 
individual solar cells, such as silicon, organic 
systems, and compound semiconductors, has 
already been available.  This report will begin 
from the crystal type, which is most popular in the 
market, followed by thin films and then the tandem 
type, which are expected to be ready for mass 
production within 5 years.  This will be followed 
by the introduction of research and development 
trends of the solar cell using the quantum dot, 
which is expected to have an extremely high 
conversion efficiency, in order to forecast its 
potential, by summarizing the expected trends of 
the market.  Finally, the implications to the science 
and technology policy concerning this area are 
described based on these trends.
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Figure 3 : Solar cell system price for residence
Prepared by the STFC based on Reference[1,3,5]
industrial structure of the crystalline silicon solar 
cell, the price for production greatly depends on 
the upstream process. In is the so-called material 
added-value type structure, most of the sales of 
the finished products only covers the process up to 
the silicon wafer process [3] [note 1]. Consequentially, 
material manufacturing companies have come 
out with production increase plans for the silicon 
crystal (Table 1). Production of the silicon crystal 
strongly depends on the supply of the silica at the 
most upstream process, and therefore the scale 
merit of investing facilities is not effective. For 
that reason, there will be a severe competition in 
cost for production of the silicon crystal, unless 
an innovative silicon crystal material process 
technology is developed in the future. The details 
of the supply shortage of the material and its 
countermeasures are presented in the main body of 
Table 1 : Production plan of polysilicon of Japan
 Prepared by the STFC based on Reference[3]
Production capacity ..production increase.. Time Investment
Tokuyama 8,200ton 3,000ton 2009 45 billion yen
It increases production of 2,500 tons for the semiconductor and 500 tons 
for the solar cell. 
Mitsubishi Material 3,300ton 450ton 2009 5.5 billion yen
The upper load of +1,000 tons is planned by an additional investment of 
20 billion yen or less. 
Sumitomo Titanium 1,400ton 500ton 2008 6.6 billion yen +400 tons of 1st step are completed in July, '07. 
Nippon Steel 
Corporation
480ton 480ton 2007 3billion yen The new factory of 2,000-ton scale is being examined in 2010. 
JFE Steel 400ton 300ton 2007 5billion yen The incremental capacity of the wafer step is examined. 
[NOTE 1]
For reference, the wafer cost composition during the upstream process, in the semiconductor device 
market, is said to be 3-4%.
[NOTE 2]
As a quantitative standard for the amount of power generation systems to be installed. the Kashiwazaki 
Kariya Nuclear Plant for example, has the power supply ability of 1.1GW(1,100MW) per reactor system. 
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Figure 4 : Turnover of solar photovoltaic system in the world (single year's total)
Prepared by the STFC based on Reference[4,5]
January 2007 issue of this magazine.[6]
   The  accumula ted  amount  o f  the  so la r 
photovoltaic systems in Japan was exceeded by 
Germany in 2004-2005(Figure 2) [NOTE 2]. This is due 
to Germany placing an energy policy with strong 
incentives for the purchase of the photovoltaic 
power. [7-9] However, the power generation markets 
of only Japan and Germany are too small of a 
scale for obtaining the actual results of the solar 
photovoltaic system.  In the future, it is necessary 
to take cost measures while observing the power 
generation market worldwide to steadily increase 
the production turnover (Figure 4).
2-2   Added-value with thin film -   
development competition of the second 
generation solar cell
   As mentioned earlier, the shift from the 
crystalline silicon solar cell to the thin film silicon 
solar cell has rapidly advanced as a countermeasure 
for industrial structure’s strong dependency on the 
supply and refinement of the material. 
   Thin film silicon solar cell is mainly comprised 
of amorphous silicon [NOTE 3] and microcrystalline 
silicon [NOTE 4]. These thin films are very thin, only 
a few μm in thickness, which significantly saves 
the silicon raw material compared to the crystalline 
[NOTE 3]
Silicon semiconductor of amorphousness. The energy gap is larger than that of the crystalline silicon, has 
a High optical-absorption coefficient, and is advantageous because its deposition of film is simple, but it is 
difficult to increase the conversion efficiency.
[NOTE 4]
It is called a film polycrystalline silicon, and has the structure consisting of the mixture of the crystal 
phase for several ten nm and the amorphous phase P-i-n junction which places an optical absorption layer (i 
layer). p type and n-type semiconductor layers are the fundamental structures. It has been used mainly for 
indoor-use, such as calculators, due to the high efficiency under a low lighting intensity and sensitivity of 
the short wave light due to its high band-gap energy. Its weak point is that the dangling-bond (uncombined 
hand in atom) increases due to exposure to strong sunlight to degrade the conductivity, though this issue 
has began to be solved as a result of new technology to control impurities such as hydrogen.
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chapter provides a general view of the basic 
characteristic concerning the conversion efficiency 
of the solar cell, and describes in detail the 
technology of the tandem type.
3-1   Characteristic of sunlight and theoretical 
efficiency of solar cell materials
   Sunlight,  which is the energy source of 
the photovoltaic power generation, may be 
approximated to the radiation of black body of the 
sun at almost 6000 C. Sunlight is a light ray of a 
wide wavelength peaking in the visible spectral 
range. However, sunlight reaches the earth ground 
after it is reflected, scattered and absorbed by the 
atmosphere because the atmosphere exists in the 
vicinity of the surface of the earth[10][11] (Figure 
5). The amount of the sunlight which reaches 
a certain point on the surface of the earth may 
vary depending on the latitude of the area. The 
difference of this radiation total is shown by the 
indicator of the atmosphere air mass (Air Mass: 
AM). The air flow from above vertically is called 
AM-1. In Tokyo during spring or autumn at about 
noon, it is about AM-1.5, while it is AM-0 in 
the exo-atmosphere. Naturally, it is necessary to 
consider the wavelength distribution and strength 
of the sunlight when designing the solar cell. In the 
cell design, it is essential to select a material which 
will absorb the light of the peak wave length zone. 
   Figure 6 shows calculation results of band-gap 
energy (Eg) of a major solar cell material, the 
conversion efficiency achieved to date and theory 
silicon, which is about 200 μm. Furthermore, 
the energy required for manufacturing can be 
saved, because the thin films can be formed at a 
low temperature, and thus possibly enable mass 
production at a low-cost. The current power 
generation efficiency is only a little more than 
10%, which is far below that of the poly-silicon as 
13-17%. However, it is still possible to improve 
the efficiency by making the amorphous and 
microcrystalline silicon to a Lamination type 
(tandem type). Moreover, selecting a flexible 
substrate will enable the creation of a flexible solar 
cell. 
   Manufacturers with various backgrounds are 
now considering about entering the thin-film solar 
cell market (Table 2). If many market players from 
various fields take part, there will be a need for 
each maker to have a technical variations and/or 
manufacturing process for the product.. The key in 
the market is how they can establish a production 
process at a low cost and high efficiency for the 
tandem type cells. The research and development 
trends of the tandem type will be explained in the 
next chapter.
Basic characteristics of the solar 
cell and tandem type solar cell
   While the preceding chapters introduced 
the current status and the trends of various 
manufacturing process of the crystalline silicon 
solar cell and thin film silicon solar cell, this 
Table 2 : Production planning of  thin-film solar cell
 Prepared by the STFC based on Reference[3]
Firm name Country Type Production capacity When Background
< amorphous system >
Moser Baer India India Amorphous Si Initial: 40MW、200MW, 2009 2007 Optical media manufacturer
Kaneka Japan A-Si/film polycrystalline Increase from 30MW to 55MW Spring, 2007 Chemical manufacturer
Mitsubishi Heavy Industries Japan Microcrystal tandem type 40MW(+Amorphous 10MW) April 2007 Total heavy machine manufacturer
NexPower Technology Taiwan Amorphous Si 12.5MW, early 100M 2008 1Q Subsidiary company of UMC
Schott Solar Germany Amorphous Si 3MW→30MW 2008 Crystal system solar cell
Fuji Electric Systems Japan Amorphous Si 40MW (in the future: 150MW) 2009(2011) Total heavy machine manufacturer
Sharp Japan Microcrystal triple type 1,000MW 2010 Consumer electronic manufacturer
< Chemical compound semiconductor >
Nanosolar US CIGS 430MW 2008 Venture company
Miasole US CIGS 50MW Venture company
HONDA Japan CIGS 27.5MW Autumn,2007 Car manufacturer
Showa Shell Sekiyu Japan CIS 60MW 2009 Oil refinery
CIGS: CuInGaSe2
CIS: CuInSe2
3
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Figure 6 :  Band gaps (Eg) of various solar cell materials and conversion efficiencies
Prepared by tne STFC based on Reference[12,13]
(AM (Air Mass): Air amount where sunshine passes. The air flow from the vertical top is called AM-1)
Prepared by the STFC based on Reference[10,11]
marginal efficiency. As shown in Figure 5, the 
radiant intensity of sunlight becomes the strongest 
at about 500-700 nm. The sunlight of less energy 
than Eg, explained in the next paragraph and Figure 
7 is not absorbed by the solar cell but simply goes 
through. Therefore, the material with a Eg of no 
more than 1.6-1.2eV, which is a slightly thinner 
wavelength compared to 500-700nm (2.5-1.8eV). 
Accordingly, the theoretical marginal -efficiency 
becomes the greatest at this proximity. 
   For the single-crystal silicon (Eg=1.1eV), a 
typical solar cell material, 26-28% is the maximum 
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Figure 5 : Energy spectrum of sunshine in the atmosphere (AM-0) and on surface of the earth (AM-1.5)        
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value of theoretical marginal-efficiency.[14] 
Chemical compounds such as GaAs and InP 
are expected to achieve the higher efficiency 
than that of the single-crystal silicon because 
it has Eg around the range 1.4-1.5eV, in which 
the theoretical marginal-efficiency becomes the 
highest. On the other hand, because of a huge loss 
of electric current due to defects of the inner grid, 
the amorphous silicon has not yet achieved the 
conversion efficiency near that theoretical marginal 
efficiency.
3-2    Energy loss factor of solar cell
   The solar cells aforementioned are called single 
junction type solar cells [NOTE 5] , as they are formed 
with a layer of semiconductor connected by pn. 
Figure 7 shows the energy band structure of a 
single junction type solar cell and its main energy 
loss factor. Light rays with various wavelengths 
come from the sun as shown in Figure 5. An 
incident light with energy in or around Eg would 
excite electrons which are at the top of the valence 
band to a conducting zone. Other incident lights 
with wider wavelengths would go through the 
zone, not being absorbed by the semiconductor, or 
they can be converted into heat by transforming 
them into phonon energy [NOTE 6]. On the other hand, 
incident light with much more energy than Eg 
sends the high-energy electrons to the contracting 
zone. Afterwards, it would lose the energy in a very 
short time, and mitigate the energy to the lower end 
of the band of the conducting zone. In such a high-
[NOTE 5]
A solar cell with a pn-connected semiconductor 
layer structure.
[NOTE 6]
It is the quantum resulting from grid vibration 
in a crystal. The frequency of the phonon will 
be limited to be discrete within the frequency 
structure such as crystal grid. If the crystallizing 
temperature is increased, the vibration range of 
the photons will increase.
Figure 7 :  Energy band structure of a single joint type solar cell and the main energy loss factor
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Figure 8 :  Concept drawing of a tandem (two layers) type solar battery
Souce:Reference [17]
speed energy relaxation process in a semiconductor 
with high electron concentration, the electrons 
reach equilibrium after scattering, and this is 
followed by photon emission, eventually leading 
to a loss of heat energy. The energy loss at the 
short wavelengths makes up about 30% of all solar 
energy, which is the biggest cause of conversion 
efficiency loss in the single junction type solar cell. [11] 
3-3    The challenge for high conversion 
efficiency by tandem solar cell
   The tandem type solar cell is gaining attention 
as a new material to achieve high efficiency far 
beyond the theoretical marginal-efficiency of the 
single junction type solar cell. Since the thin-film 
solar cell is made by a chemical vapor deposition 
(CVD) at a low temperature, the tandem type 
also becomes possible. For instance, a three joint 
tandem solar cell that consists of compound 
semiconductors of GaInP/GaAs/InGaAs achieved 
a high conversion efficiency of about 33%.[15] With 
such a tandem solar cell, the transmission loss of 
long-wavelengths and the thermal energy loss of 
shorter wavelengths can be mitigated by laminating 
a semiconductor with a wide band gap to those 
which narrow band gaps on the light incident 
light side, which will achieve consistency with the 
sunlight spectrum as a whole. 
   Even for the tandem solar cell that enables high 
conversion efficiency, there are still many issues 
to be solved. As shown in Figure 8, the tandem 
type is basically constructed as a series of stripes 
connected in a straight line. The total voltage 
would be the total of voltage of each layer, while 
the electric current is constant within a circuit. 
Therefore, if the effectiveness of power generation 
falls even within just a single layer at any level, it 
would cause a bottle-neck effect, and decrease the 
amount of the electric current flow for the entire 
line.  For instance, even if an optimized tandem-
type is based on the ideal sunlight of AM-1.5, the 
layer aiming the wavelength around the red zone 
would have a significant power loss, since the red 
light would be weakened on a cloudy day. As a 
result, the tandem type only shows its advantages 
on sunny days, and it is limited to areas which 
are advantageous in terms of the geographical 
condition. For further development of the tandem 
type, a better-suited design should be planned, 
one which takes into consideration the climate 
conditions of all parts of the world. On the other 
hand, researchers at the Delaware University 
proposed a new and drastic design idea, to extract 
electric currents per layer without an in-line 
structure. It has achieved a maximum conversion 
efficiency of 42.8% as of July, 2007.[16] However, 
there is a production cost issue for this method, as 
the structure is more complicated than other simple 
in-line lamination layers. 
   In addition, there have been advances in new 
technology as well, such as the forming of the 
surface structure (texture structure) with micro- and 
nanometer-sized convex/concave shapes to reduce 
the amount of reflected light, and the improvement 
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4
Type
Conversion
efficiency(%)
Area 1*(cm2)
O p e n  c i r c u i t 
voltage Voc(V)
S h o r t - c i r c u i t 
current density 
Jsc(mA/cm2)
FF*2(%)
Place and date 
(month/year)
Institution *3
Silicon 
Bulk type
Si(crystalline) 24.7±0.5 4.00(da) 0.706 42.2 82.8 Sandia(3/99) UNSW PERL
Si(multicrystalline) 20.3±0.5 1.002(ap) 0.664 37.7 80.9 NREL(5/04) FhG-ISE
Thin film type
Si(thin-film transfer) 16.6±0.4 4.017(ap) 0.645 32.8 78.2 FhG-ISE(7/01) U.Stuttgart
Si(thin-film submodule) 9.4±0.3 94.9(ap) 0.493 26/0 73.1 Sandia(4/06) CSG Solar
Si(amorphous) 9.5±0.3 1.070(ap) 0.859 17.5 63.0 NREL(4/03) U.Neuchatel
Si(nanocrystalline) 10.1±0.2 1.199(ap) 0.539 24.4 76.6 JQA(12/97) Kaneka
Chemical 
compound 
Bulk type
GaAs(crystalline) 25.1±0.8 3.91(t) 1.022 28.2 87.1 NREL(3/90) Kopin
GaAs(multicrystalline) 18.2±0.5 4.011(t) 0.994 23 79.7 NREL(11/95) RTI
InP(crystalline) 21.9±0.7 4.02(t) 0.878 29.3 85.4 NREL(4/90) Spire
Thin film type
CIGS(cell) 18.4±0.5 1.04(t) 0.669 35.7 77 NREL(2/01) NREL
CIGS(submodule) 16.6±0.4 16.0(ap) 2.643 8.35 75.1 FhG-ISE(3/00) U.Uppsala
CdTe(cell) 16.5±0.5 1.132(ap) 0.845 26.7 75.5 NREL(9/01) NREL
GaAs(thin film) 24.5±0.5 1.002(t) 1.029 28.8 82.5 FhG-ISE(5/05) Radboud U.
Organic 
Dye-sensitization
Dye sensitized 10.4±0.3 1.004(ap) 0.729 21.8 65.2 AIST(8/05) Sharp
Dye sensitized(submodule) 6.3±0.2 26.5(ap) 6.145 1.7 60.4 AIST(8/05) Sharp
Organic 
semiconductor
Organic polymer 3.0±0.1 1.001(ap) 0.538 9.68 52.4 ASIT(3/06) Sharp
Tandem type
GaInP/GaAs 30.3 4.0(t) 2.488 14.22 85.6 JQA(4/96) Japan Energy
GaInP/GaAs/Ge 32.0±1.5 3.989(t) 2.622 14.37 85 NREL(1/03) Spectrolab
GaAs/CIS(thin film) 25.8±1.3 4.00(t) NREL(11/89) Kopin/Boeing
a-Si/CIGS(thin film) 14.6±0.7 2.40(ap) NREL(6/88) ARCO
a-Si/Si(crystaline) 21.3 100(t) 0.717 38.6 77 Sanyo
a-Si/μc-Si(thin submodule) 11.7±0.4 14.23(ap) 5.462 2.99 71.3 AIST(9/04) Kaneka
Prepared by the STFC based on Reference[12] and data provided by Professor Konagai, Tokyo Institute of Technology.
Table 3 : Type of solar battery cell measured under the condition complied with the standard
                                                                                                             (Environment   AM-1.5 and 25　)
*1
da=designated illumination area
ap=aperture area
t=total area
*2
FF:Fill Factor
*3
NREL:National Renewable Energy Laboratory
Sandia:Sandia National Laboratories
AIST:National Institute of Advanced Industrial Science and Technology
JQA:Japan Quality Assurance Association
UNSW:The University of New South Wales, Australia
U.Stuttgart:University of Stuttgart, Germany
Kopin:Kopin, US
Radboud U.:Radboud University, Holland
U. Uppsala:University of Uppsala, Sweden
U.Neuchatel:University of Neuchatel, Switzerland
Spectrolab:Spectrolab, US
of the optical absorption ratio by the effect of an 
optical confinement in a crystal. The development 
of a passivation processing using impurities such 
as hydrogen has also gone forward to deal with the 
issue of bonding of atoms at the grain boundary 
of the crystal particle often becoming defective, 
which could lead to structural defects, and a lower 
conversion efficiency of the solar cell. Likewise, 
more advanced surface treatment technologies are 
required for the development of the tandem type, 
which should be more refined than that of the 
single junction type solar cell.
Solar cells other than silicon- 
current status of research 
and development of chemical 
compound semiconductor and 
organic system materials
   While this report mainly focuses on the silicon 
solar cell, the research and development activities 
concerning a variety of solar cells not made of 
silicon have been in progress (Table 3). The 
following briefly introduces the research and 
development trends of chemical compounds 
for achieving higher conversion efficiency than 
silicon, and organic materials which enable a low-
cost manufacturing process. The main focus is to 
save raw materials for each unit of electric power 
generated, to develop a material with higher power 
℃
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[NOTE 7] 
The concentrating solar photovoltaic system by SHARP was announced in the 2nd New Energy World 
Exhibition held in October, 2007. This company plans to launch sales by the end of 2008. 
generation efficiency, and to establish a production 
process to supply them at a low price and on a 
constant basis.
4-1    Chemical compound semiconductor
   Bulk-type chemical compound semiconductors 
have the potential to achieve high power generation 
efficiency at a level equivalent to, or higher than 
single-crystal silicon(Table 3). As mentioned 
earlier, the theoretical conversion efficiency of the 
solar cell is subject to the band-gap energy (Eg) of 
the semiconductor. In terms of consistency with the 
solar spectrum, a semiconductor with a band gap of 
about 1.4-1.5eV is suitable as a solar cell with high 
efficiency. [18] High efficiency can be expected for 
GaAs of 1.42eV and InP of 1.35eV, compared with 
the silicon of about 1.1eV. 
   Silicon has a small optical-absorption coefficient 
due to indirect transition type and may require a 
thickness more than 100μm to sufficiently absorb 
sunlight, but most of the chemical compound 
semiconductors such as CIGS (CuInGaSe2) of thin 
film, are direct transition types and have a high 
optical-absorption coefficient and a thickness of 
just a few μm is sufficient.  Yet still, the prices are 
also higher than silicon because it is necessary 
to use scarce and highly toxic materials such as 
indium and cadmium respectively. The key for 
mass production is finding a way to establish a 
recycling technology for such raw materials and to 
find techniques using alternative material. 
   SHARP Corpo ra t i on  ha s  deve loped  a 
concentrating solar photovoltaic system, which 
collects sunlight into a small solar cell using a lens 
as a solution to the issue above. [19] They achieved a 
conversion efficiency of about 37% by condensing 
the light to about 700 times with a Fresnel lens. 
It is then irradiated to the 3 layer solar cell based 
on the chemical compound semiconductor.  The 
solar cell reaches a high temperature by the 
concentration, but the solar cells using GaAs 
remain stable with almost no change in conversion 
efficiency, even at the temperature of 200C or 
more [NOTE 7]. For that reason, the collimation 
technique of today is expected to be the technique 
for efficiency improvements in the solar cell of the 
compound semiconductor.
4-2    Organic materials
   Research is underway for organic semiconductors 
as solar cells that can be made at a low cost with 
simple production, due to the low price of the raw 
material. It has a simple structure which can be 
made onto a polymer board, and it is flexible and 
able to be designed. Although the power generation 
efficiency is low as only a few%, but because 
there are many candidate materials for the organic 
semiconductor, it could leap to significant a status 
if an optimal material is found. It can be expected 
that many researchers will start the research in the 
same area.
   While dye-sensitization type also has a low 
power generation efficiency, it receives high 
expectation for its price and design. By choosing 
a type with organic pigments, it may be possible 
to create colorful solar cells. At present, its system 
durability is an issue to consider because it uses an 
electrolyte solution with volatility to transmit the 
ion. Therefore, it is currently necessary to conduct 
research on the solidification of the electrolyte 
solution. 
   As mentioned before, the power generation 
efficiency is still  low for both the organic 
semiconductors and the dye-sensitization type solar 
cells, and so there are slightly different types of 
developmental activities underway compared to the 
solar cells aiming for high efficiency. 
New trends for the development 
of solar cells – the possibilities 
of quantum dot solar cell also 
known as the third generation 
solar cell 
   In recent years, the quantum dot solar cell has 
gained attention as a solar cell which may exceed 
the theoretical limitations of the conversion 
efficiency as shown in Figure 6. In the following, 
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Figure 9 : Concept drawing of quantum dot solar battery structure
Prepared the STFC based on Reference[20,21]
the application potential of the technology to solar 
cells is described, based on the basic physical 
properties of the quantum dot.
5-1    Basic physical properties of the quantum 
         dot - why the quantum dot can achieve
         high efficiency
  The quantum dot is a nanocrystalline structure 
ranging from several nm to about 10 nm in size. 
It is made by the method of epitaxial growing 
on a substrate crystal.  The quantum dots are 
surrounded by high potential barriers in a three-
dimensional shape, and the electrons and electron 
holes in the quantum dot become a discrete energy 
as it is confined in a small space. Consequentially, 
the energy state of the ground-state energy of the 
electrons and electron holes in the quantum dot 
would be subject to the size of the quantum dot. [20,21]
   As physical characteristics of the quantum dot, 
three items are expected to be available from 
the point of application to the solar cell.[20,21] By 
achieving these items, it is expected to accomplish 
a theoretical efficiency exceeding 60%.[22,23] The 
items (1) and (2) below are expected to be the key 
to overcome the two factors of loss, as shown in 
Figure 7 (transmission loss of light and loss of 
thermal energy by phonon emission) .  
   (1) The quantum size effect: By adjusting the size 
of the quantum dot, the optical absorption 
wavelength can be selected, which can 
make it be more consistent with the sunlight 
spectrum. [20,24] 
   (2) The increase of the energy relaxation time: It 
is known that the energy relaxation time of 
the electron slows down in the quantum dot. 
Therefore, there is a possibility to remove the 
electrons in a state of high energy by phonon 
emissions, before energy relaxing occurs.
   (3) Formation of the miniband: When there is a 
bonding of the quantum dots, a miniband 
is formed at the superconductor and the 
valence band. [25] For example, if the middle 
layer between the quantum dots is very thick, 
a quantum dot solar cell with a structure of 
multiple layers of quantum dots between 
pn bonding, as shown in Figure 9, becomes 
like the energy band structure shown in 
Figure 10(a). In this case, the electrons 
excited by sunlight slip out the well of the 
quantum dots by further optical excitation 
or thermal excitation, which can be removed 
as an electric current. Meanwhile, if the 
middle layer is several nm thin, a miniband 
is formed between quantum dots, and the 
electrons and the electron holes can move 
with little energy loss (Figure 10(b)).[20,21]
   Of course, there are many research topics 
remaining. Especially for arranging the quantum 
dots in a regular and stable manner, which need 
to be achieved with general materials.  The next 
paragraph explains the applicability of the quantum 
dots to solar cells, mainly from the viewpoint of the 
Layer p  
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Solar light 
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Figure 10 : Quantum dot solar battery energy band (a) and mini band (b)
  Prepared by the STFC based on Reference[20,21]
manufacturing process technology of the quantum 
dot.
5-2    Quantum dot manufacturing process 
technology aimed for application to solar 
cells
   In past research of quantum dot solar cells, the 
chemical compound semiconductor was the main 
focus. In the case of production methods, producing 
the quantum dots by self-organization using the 
difference of the grid parameter and the high-
index plane substrate are thought to be the most 
probable process. For example, if a material with 
a higher grid parameter than that of the substrate 
crystal needs to be grown epitaxially, the quantum 
dot will grow on a regular basis to be an island 
shape, in order to reduce the strain energy which 
accompanies the growth process.  Typical examples 
include InAs/GaAs, with a grid parameter of InAs 
of7.2% which is larger than that of GaAs. Mr. 
Okada, Associate Professor of Tsukuba University 
achieved the conversion efficiency of  8.54% by 
using this system.[26] It is now under consideration 
for the concentrating solar photovoltaic system, as 
shown in 4.1, because it is difficult to apply to a 
large area. 
   I t  should be noted,  however,  that  these 
phenomenon are enabled mainly with chemical 
compound semiconductors.  By taking into 
consideration the cost of raw materials and future 
mass production, it is most desirable to use silicon. 
Under the current condition, the quantum dot 
cannot be arranged by silicon material to achieve 
a regular and stable layout. In particular, it is quite 
difficult to achieve less than the allowed range of 
10% for the size fluctuation 
   However, the recent study of the silicon quantum 
dot solar cells also shows a certain gradual 
development.  As one of the methods gaining 
attention, there is a technique of heat treatment for 
silicon carbide with a silicon excess composition. 
Applying the plasma CVD technique, as shown 
in Figure 11, a silicon quantum dot super grid is 
made in a self-organizing manner, by making an 
amorphous super grid consisting of amorphous 
silicon carbide with the stoichiometry and silicon 
excess composition. [27] This is a method for 
forming a quantum dot voluntarily during the 
process of crystallization by making use of the 
phenomenon in which grid distortion is caused 
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Figure 11 : Heat - processed silicon quantom dot structure
Figure 12 : High resolution transmission electro microscope imaging of nanoporous silica
6
because of a difference in the grid parameter 
between the material used as a quantum dot and 
another material used as an energy barrier layer. 
   Another technique which may be applicable to 
the quantum dot structure is the synthesis process 
of nano porous silica (SiO2), which contains a 
laminar silica salt precursor. [28] At present, this 
is not for the production quantum dots super-
grid. As seen in Figure 12, the high-resolution 
transmission electron’s mirroring image, there 
is a structure of silica pore controlled by a nano 
scale. If a technology to enclose the semiconductor 
nanoparticle in each nano holes is developed, it 
is possible to use the silica itself as the interlayer. 
It  may even enable the creation of a three 
dimensional quantum-dot structure containing thin 
films with regular layouts of the semi-conductor 
nano particles. 
   The above-mentioned quantum-dot structure 
fabrication methods are all in the process of 
research, and have only been able to produce 
small-scale samples. There are still a lot of existing 
problems for arranging the quantum dots to a 
uniform nominal size in a three dimension orderly 
manner, all the while achieving highly dense and 
thin inter layer. In particular, the key is how to 
control the quantum dot size fluctuation. In order 
for practical applications in the future, it may also 
be important to develop a method without the need 
to utilize an ultra-air-tight-vacuum.
Enhancement of basic research 
from a long-term view and the 
necessity of human development
   As summarized above, solar cell research has 
been proceeding, to discover solutions for higher 
conversion efficiency and lower costs, in a range 
from crystal, thin film, chemical compound, 
organic materials, tandem type, to quantum dots. 
Prepared by the STFC based on Reference[27]
Source:Reference[28]
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Figure 13 : The total number of academic papers for each country
Number of papers at Europe Solar Power Conference (The 20th-22nd in Total)
Table 3 shows the current development status 
for various solar cells. In turn, such a number 
of different types of products may represent the 
current condition that no specific solar cell is found 
for the market. 
   The most popular solar photovoltaic system of 
the crystalline silicon has established the industrial 
structure for generating more profits from the 
upstream process, including refinement of the 
silicon material and silicon wafers. Therefore, the 
main focus of research and development for the 
technologically aggressive companies has shifted to 
the thin film or tandem type, which has a potential 
to create added-value to the downstream process. 
   For the development of the solar cell, the key is 
to improve the conversion efficiency and to create 
a large-scale manufacturing process. The Japanese 
industry has led the technology development for 
the manufacturing processes in the past. At present, 
as thin or tandem type products are shifted to the 
mass production phase, enterprises should assign 
more researchers and engineers to be engaged 
in development and start-up mass production 
processes. The international competition is getting 
fiercer due to rapid business and the differentiation 
of products, and researchers and engineers have 
been tied up with finding solutions. In addition, 
due to the fact that research of this technical area 
had not been so active in the past, there is concern, 
by the academia in Japan, towards development of 
advanced research for this area. 
   Figure 13 shows the total number of academic 
papers for each country, announced from the 20th 
(2005) to the 22nd (2007) European Photovoltaic 
Solar Energy Conference and Exhibition. This 
conference receives the largest number of 
participants and academic paper publications 
among all the world conferences concerning the 
photovoltaic power generation, and its scale has 
been expanded every year. [29,30] Europe has an 
especially high awareness for the development 
and introduction of the solar cells. This is one of 
the most important conferences to in the future. 
The 22nd conference received about 3000 people 
from 83 countries, with about 1100 publications 
of articles. As this is a conference hosted by EU 
countries, the number of papers from European 
countries is high. Meanwhile, Japan has only about 
6% of the share, which is very notable, as shown 
in Figure 4. Although Japan is the world largest 
producer of solar cells, the share of the academic 
papers submitted is quite small. Of course, it is 
difficult to compare the level of researches only 
with the number of academic papers, but Japan is 
still concerned about its lack of depth on the solar 
cell research, as the development of future solar 
cells will be more advanced and complicated. 
   Under these circumstances, Japan should 
Prepared by the STFC
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[NOTE 8] 
From the hearing and survey of photovoltaic power generation related project researchers from NEDO, 
specialists of universities and corporate technical institutes. 
7
strengthen their basic research, centering more 
on universities and public research institutes. Up 
to now, public research development products 
from institutes such as The New Energy and 
Industrial Technology Development Organization 
(NEDO) have been supporting the industry, and 
have achieved fruitful solutions in various ways. 
It is expected that the industries with advanced 
technology will also achieve successful short 
term solutions by the support and contribution 
of the public institutes. However, the industry 
is now seeking rather long-term views for such 
public service, and therefore it is in high need of 
enhancing the basic research and human development 
required for the research activities. [NOTE 8]  Development 
of personnel who are strongly committed to 
basic research will have a significant meaning for 
Japanese competitiveness in the future. 
   Above all, this report emphasizes the need to 
enhance basic research with the following three 
criteria:
   1) Clarification of basic visible and interfacial 
physical properties, and the search for raw 
materials, concerning the layered structure of 
the tandem type (section 3-3)
   2) Research of the quantum dot manufacturing 
process that enables an orderly arrangement 
of the quantum dot, in three dimensions and 
with high density (section 5-2)
   3) The pursuit of possibilities by brand-new
        ideas   for high efficiency solar cells.
   1) is a research topic we expect to face within 
the next several years. There are already many 
demands from the industry. 2) is a more innovative 
research topic, which may lead ripple effects to 
other technological developments by fundamental 
research of process technology. 3) is a more 
challenging topic. For example, there is some 
interesting research on MEG:Multiple Exciton 
Generation published by The National Renewable 
Energy Laboratory NREL in the United States 
in July, 2007. [31] It is about the generation of one 
more electron per photon of sunlight. It is worth 
noting, in terms of the subject, that the energy loss 
factors of photovoltaic power generation shown in 
Figure 7 could be significantly reduced to increase 
the conversion efficiency,
Conclusion
   The promotion policy of the photovoltaic power 
generation in Japan has received a good reputation 
by foreign countries as one of the successful 
examples, through introductions of Sunlight 
Program, Electric Power Development Promotion 
Measures Special Accounting, Petroleum Oil and 
Energy Supply Structure Advancement Measures 
Special Accounting System, etc.,  after the 
inauguration of Agency of National Resources and 
Energy in 1973. [32,33] In the future, one idea from 
the viewpoint of the market introduction, would be 
providing a strong incentive for the development 
of a more highly effective solar cell,.  For example, 
having a subsidy for the development of tandem 
type solar cells, which requires higher costs, be 
the equivalent amount of a subsidy for crystalline 
silicon, in order to promote its introduction to 
the market. The residential environment of Japan 
in particular, offers high efficiency solar cell 
development.  It is much more advantageous for 
Japan to continue its research, when compared 
to other countries,  as the area of land for 
collecting sunlight is smaller. Such incentives 
for photovoltaic power generation introduction 
have been discussed mainly from the views of the 
environment and energy, including reduction of 
CO2 emissions and alternative products of fossil 
fuel. Now, by promoting a more advanced research 
and developmental activities with added value, 
Japan’s global competitiveness should improve, 
and eventually achieve another successful result. 
   This report only showed the overview of 
the trends of the solar cell, and did not refer 
to the topics such as solar photovoltaic power 
generation module and system, the field test, and 
the resource recycling, etc.  For the promotion of 
the renewable energy, including the photovoltaic 
power generation, please see the past issues of 
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1 Introduction
   Since the beginning of the 21st century, it has 
been expected that nanotechnology as an emerging 
technology would bring huge benefits to society. 
Since beginning in the United States, Europe 
and Japan, nanotechnology has been designated 
as a prioritized area in the national science and 
technology policies of many countries. At the 
same time, the potential health and environmental 
risks of nanotechnology or societal implications 
of nanotechnology are also concerned. In all these 
countries, the acceptance of nanotechnology is also 
an important issue in their national programs.
   The societal implications of nanotechnology 
can be generally divided into two types: EHS, 
environmental, health and safety issues, and ELSI, 
ethical, legal and societal issues (in the themes of 
ethical, legal and societal issues, “societal” has the 
narrower meaning here compared with societal 
implications). At present, the most important 
topic related to environment, health and safety 
is the health and environmental risk assessment 
and management of nanomaterials. Regarding 
ethical, legal and societal issues, activities are in 
the phase of specifying issues and organizing them 
through activities such as technology assessment 
and citizens’ panels coordinated mainly by social 
scientists.
   In the current activities on the social acceptance 
of nanotechnology, not by any means should it be 
assumed that nanotechnology could not be accepted 
by society. There have never been apparent 
nanotechnology risks pointed out, either. To 
begin with, most of the expected nanotechnology 
is still in the research and development stage. 
Consequently in the activities for the social 
acceptance of nanotechnology for future society, 
the benefits are large and the risks are small, and 
in turn the concerns about of the risks should be 
adequately controlled. Therefore, those related 
to nanotechnology all mutually understand that 
risk should not be treated unilaterally. In reality, 
there are many facets of risk to be discussed, but 
still current new technology development can 
scarcely see them all, so an attitude of cooperation 
is recognized both by the strong interest of the 
research and development side and the risk 
assessment management side.
   In addition, in the case of the words “social 
acceptance” in relation to science and technology, 
they include the meaning “society can adequately 
accept” the “value”, or merely referred to as 
the case of the “situation” of “how the public 
can accept it”. As for the prior example, the 
2005 Special Coordination Funds for Promoting 
Science and Technology "Research Project 
on  Fac i l i t a t ion  o f  Pub l i c  Accep tance  o f 
Nanotechnology” is notable and taken up in this 
article as well. However as for the latter case it is 
by no means few. In particular within the words 
“social acceptance” and “public acceptance”, the 
latter words are the most often applicable so they 
should be given sufficient consideration.
   There is a precedent of the awareness of 
nanotechnology risk in the backdrop of genetically 
modified organisms. Despite the fact that the 
research and development was a success and no 
risk whatsoever was ever confirmed, the world 
market did not accept it due to the great misgivings 
over the image of genetic modification. This 
precedent was a big lesson for developed nations 
of the United States and Europe, so within the 
United States the activities for the acceptance of 
nanotechnology began in 2000, with Europe soon 
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following after.
   On the other hand, in the case of Japan, the 
precedent of genetically modified organisms had 
little impact on nanotechnology, and until the June 
2004 “1st International Dialogue on Responsible 
Research and Development of Nanotechnology”, 
taking place in the suburbs of Washington, D.C., no 
broad debate had ever occurred in Japan. However 
it is not the case that there was total indifference. 
For example the trend in Europe and the United 
States was to investigate when the situation called 
for. To that effect, after the National Institute of 
Advanced Industrial Science and Technology 
(IAI) sponsored forum “Nanotechnology and 
Society”was held, after a relatively short term a 
nanomaterial risk assessment research project got 
up and running.
   This article will describe discussion on the 
societal implications of nanotechnology including 
mainly the health and environmental risks of 
nanomaterials and activities of the USA, Europe 
and Japan and international cooperation on its 
social acceptance. Finally, select points that Japan 
will have to tackle in the future will be discussed.
The discussion on 
societal implications of 
nanotechnology
2-1     The closest most important point: health 
and risk assessment and management of 
nanomaterials
  Nanomater ia ls  are  general ly  def ined as 
industrially-produced materials in factories (and 
laboratories) of particles, fibers and membranes in 
dimensions (grain size, cross - section diameter, 
membrane thickness, etc.) that are smaller than 100 
nm.[1]  In many cases particles are called industrial-
use nano particles, but in the case of discussing risk 
assessment, you can say it is essentially the same 
as nanomaterials. Still “material” and “industrial-
use”, unlike the “unintentional” creation of diesel 
exhaust particles, created nano particles tend to 
differ.
   At this point in time the risk of nanomaterials 
is latent, but considering examples like asbestos 
particles and diesel exhaust particles, it is taken 
very seriously. Nanomaterials are known to have 
2
Figure 1 : Objects in risk assessment management of nano materials
Prepared by the STFC based on Reference[2]
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the same chemical formula as other bulk materials, 
but due to it having different characteristics, it is 
thought to exert more of impacts on health and 
the environment. The main reason for that is if 
you compare the same weight of bulk material 
and nanomaterial, the numbers and surface 
area differences appear enormous. Concerning 
nanomaterial, that characteristic is exposed and 
foreign material adsorption can easily occur, so its 
impacts on the health and environment has a high 
probability of appearing. In addition to this, the 
probability of the characteristic of nanomaterials 
mutating is also indicated.
   The three  subjects  that  are  exposed to 
nanomaterial are workers (including researchers), 
consumers and the environment (Figure 1).[2]At 
this point in time the quantities of nanomaterials 
are relatively low, and you could say the areas 
where nanomaterials can float into the air are only 
limited to factories and laboratories. Therefore the 
ones who have the highest possibility of exposure 
are workers. Truly, the projects currently being 
undertaken are all focused on the safety and the 
health of their workers. In contrast to this for 
consumers, the origin of risk is from medicines, 
cosmetics,  and foodstuffs that incorporate 
nanomaterial. For the environment, the origin of 
risk is from environmental remediation agents, 
fertilizers and waste material that incorporate 
nanomaterials. In relation to consumers especially, 
cosmetics and sunscreens that incorporate 
nanomaterial are just beginning to attract the 
attention of assessment management. On the other 
hand, in relation to the environment, because the 
quantity of produced nanomaterial is still so small, 
the degree of priority for an impact assessment 
appears low.
   Nanomaterial can cause harm to organisms, or 
in other words is hazardous, so for the most part it 
should be examined as follows: [3]
- Impacts on immune response
- Carcinogenicity
- Impacts on the nervous system
- Impacts on the digestive system
- Impacts on reproductive function
   In the case of hazard assessment, metabolism and 
disposition, namely it is extremely important to 
grasp through what route nanomaterial arrives into 
an organism, and if it will remain there or break 
down, and finally if it can be removed from the 
organism. For example in the case of a worker’s 
environment, as for the first phase of nanomaterial 
being taken into the body, examine whether it was 
inhaled or through dermal contact. In the case of 
inhalation, the possibility of accumulation from the 
trachea to the lungs, moreover the possibility of the 
material entering various organs via blood vessels, 
the possibility of transferring to lymph nodes, 
the possibility of transferring to the circulatory 
system from the digestive system, the possibility 
of transferring from olfactory bulb to the nervous 
system, and others have all been pointed out. On 
the other hand, in the case of dermal contact, the 
possibility of penetration into the body through 
stratum corneum is pointed out. While grasping 
metabolism and disposition, it is essential to 
investigate the impacts of nanomaterials will 
have on the effected organ. Truly it cannot be said 
that to experiment in artificially administering 
nanomaterials to an uninfected region is proper. 
Conversely, even if nanomaterials have infected an 
area, there are cases where no harmful effects have 
appeared. It is wrong to jump to a conclusion that 
just because it exists it is evil.
   As for the management of nanomaterials are 
concerned, it is a basic recognition that each 
country tries to manage it the same as a chemical 
substances, not as a hazard but as a risk. Quantified 
risk is a material’s inherent hazard multiplied by 
its exposure (likelihood to be exposed), or simply 
risk=hazard x exposure. In other words, it is a 
way of thinking that even if the case of the hazard 
is high, if you manage to decrease the chance 
of exposure then the risk can also be reduced. 
For regulations and guidelines based on risk 
management to happen, risk assessment research 
towards those regulations and guidelines being 
drawn up have to gather together the necessary 
knowledge. 
   For risk management to properly occur, risk 
needs a quantitative evaluation. Therefore hazard 
and exposure also need a quantitative evaluation. 
According to either, the value method is still not 
established for nanomaterials, and under the current 
situation that establishment and the accumulation 
of data are occurring parallel to each other. The 
hazard of nanomaterials and the value method for 
exposure are both representatives of necessary 
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technological issues that are brought up below in 
parts (1) to (4).
(1) Establishment of standard test materials
   The establishment of standard test material has 
been ranked as an urgent task for the past several 
years. The way things stand, the discrepancies 
between nanomaterials impurities,  surface 
conditions and other properties and conditions 
are many, and even each batch from the same 
nanomaterial manufucturer has different properties 
and conditions. Based on the present advancement 
of the manufacturing process, for example a typical 
nanomaterial like carbon nanotubes and such, 
it could be said that if the composition method 
is the same then the properties and conditions 
discrepancies would be sufficiently small when 
an impact assessment to organisms is conducted. 
However if the composition method differs, even 
if the chemical formula is identical the differences 
between the properties and conditions will be 
great. Therefore, if you use those materials for 
the purpose of testing the impact assessment to 
organisms, even if you intend to use identical 
material it is not uncommon for reciprocal 
conclusions to be shown.
   Still most of the research that has taken place 
has a tendency to show that nano particles as 
small and as heavy as a grain are big hazards. The 
aspect ratio of asbestos is a precedent that carries 
great weight. However a way to consolidate the 
dose-response relationship with numbers, surface 
area and other factors into geometric factors has 
still not been sufficiently grasped. There is also 
ample possibility that according to the assessment 
categories the base control factors will differ. 
Therefore in manufacturing standard test materials 
one condition should be that the form of the control 
limits be large. Based on what is written above, 
it is necessary that the selection of standard test 
material and the development of manufacturing 
technology occur. 
(2) Establishment of methods to dosage to 
organisms
   In the workers environment, the case of the 
taking in of nanomaterials into the body through 
the respiration system is taken seriously the most. 
In the case of animal testing, a full body exposure 
test, or in other words, circulating air that contains 
nanomaterials inside a chamber, then placing 
an animal inside is a dosage method that is very 
close to the true environment. This experiment 
is the latest technique required for the aerial 
dispersion of nanomaterial. Because there is no 
standardization of equipment for this experiment, 
it is expected that the experiment’s results would 
have discrepancies. On the other hand, a more 
simplified and widespread dosage method exists 
where the nanomaterial is dispersed in water then 
injected into the test animal’s respiratory tract. In 
this capacity the progression of the technique to 
disperse nanomaterial in water is produced. To 
control the clumping of nanomaterial dispersal 
agents (surface-active agents) are often used, but 
it has been pointed out that the dispersal agents 
themselves possibly exert some harm. 
   Another route that should be examined is 
through the skin, and this is assessed by means 
of an application experiment. It was reported 
that nanomaterial does not penetrate stratum 
corneum, but this was the conclusion of a limited 
conditioned test. After that, the necessity of a 
long-term test where scratched skin and others are 
used was pointed out. It is also possible that it can 
enter through the pores. Moreover it is possible 
to be taken in through the digestive system, but at 
the moment it is thought the possibility of that as 
compared to through the respiratory system and 
the skin is low. However it is a facet that sufficient 
corroborating data has not been obtained.
(3) Establishment of a metabolism and 
disposition analytical method
   In the case of nanomaterial being taken in through 
the respiratory system, it is comparatively easy to 
track the accumulated nanomaterial in the trachea 
and pulmonary membrane. However in the case 
where the material transfers to the bloodstream, 
the effect  on metabolism and disposit ion, 
moreover in the end can the material be excreted 
or remains inside is very important to grasp yet 
very difficult to discover. In the capacity of internal 
metabolism and disposition analytical methods, the 
development of highly sensitive analytical methods 
and markers that cause no biological reactions are 
expected. Also the possibility of entering via lymph 
nodes and nerve axons has been pointed out, so 
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methods to examine those need to be established. 
(4) Measuring exposure
   What process does some amount of nanomaterial 
undergo when it enters the body? To create 
exposure scenarios, it is essential to measure nano 
particles in the working environment. Nanomaterial 
easily clumps together in a micron order. However 
you cannot assert that the probable existence 
of micron-sized particles is zero. Moreover as 
the production amount increases the uses of 
nanomaterial expand. From storage to delivery to 
usage to disposal, it becomes necessary to examine 
exposure through the entire lifecycle. It becomes 
a topic of metabolism and disposition analytical 
method research in the atmosphere, rivers, land and 
such.
   At this time the accumulation of scientific data 
for the risk assessment of nanomaterials are still 
not sufficient. It can be said that the amount of 
produced nanomaterials are less compared to the 
amount of chemical substances used in the past, 
and until controls and guidelines are established the 
amount of nanomaterials produced will increase. 
Against this the best realistic health and safety 
steps have to be thought about, or in other words, 
the enforcement of the best practice should be 
sought. 
2-2    Nanotechnology’s future latent risks
  From when the National Nanotechnology 
Initiative (NNI) began in the USA in 2000, the 
National Science Foundation has continued to 
take the leading role in not only in connection to 
research and development but the social impact 
of nanotechnology as well. The NSF’s Dr. Roco 
has indicated that nanotechnology can be divided 
into four generations, and each generation has 
had a special characteristic. Moreover Mr. Roco 
has with the cooperation of the International Risk 
Governance Council (IRGC) written The White 
Paper on Nanotechnology Risk Governance, which 
discusses each nanotechnology generation’s latent 
risk and arranged a graph of those circumstances 
(F igu re  2 ) .  [4 ] Each  gene ra t ion ’s  spec ia l 
characteristic is as follows:
(1) First Generation: Passive nanostructures 
(Has entered into the practical use stage in 
2000)
   N a n o s t r u c t u r e s  o f  n a n o m a t e r i a l  h a d 
comparatively simple forms, like aerosols, colloids, 
coatings, nanoparticle strengthening compounds 
and others. It was developed to disperse in gaseous, 
liquid and solid states.
Figure 2: Current status of nanotechnology generation and its risk
Prepared by the STFC based on Reference[4]
Generation 4 : Heterogeneous molecular nanosystems
Example : "designed" molecule nano device, atom
design, brand - new function
Generation 3 : Integrated nanosystems
Example : Flexible nano structure / assembly ( 3 - D
network, layered structure, robotics, innovative bio
system )
Generation 2 : Active nanostructures
Example : Target medicine, 3 - D structual 
element / equipment (transistor, amplifier, 
actuator, adaptable structure)
Generation 1 : Passive nanostructures
Example : Aerosol, Colloid, Coating, Nano 
Particle Enhancement Compound
Unknown
(Higher ambiguity)
System uncertainity
Component complexity
R&D underway
Regulatory measures considered
Generation of nanotechnology Risk Status
Frame 1 Brief overview:
Some specific problems, 
with a focus regulations
Frame 2 shorter term :
Core "Strategy", design and 
recommendations
Frame 2 Longer term :
Future work on social and global
dimensions
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(2) Second Generation: Active nanostructures 
(Has been seen to enter into the practical use 
stage from about 2005)
   From nano DDS (Drug Delivery System), 
biodevice, 3-D construction device, NEMS 
(Nano-Electro-Mechanical-System) and others, 
nano construction’s physical and chemical 
special characteristics when compared to the first 
generation are remarkable in their complexity. 
Moreover within the control limits the function 
s o m e t i m e s  m u t a t e s  m o m e n t  b y  m o m e n t 
(presently a lot of the research and development 
being promoted has been seen to fall under this 
characteristic). Also in the electronics field CMOS 
(Complementary Metal Oxide Semiconductor) has 
reached its performance limitations, so the time to 
switch to carbon nano tube semiconductors is being 
considered for post CMOS (but base electric charge 
remains intact). This kind of switch is expected to 
be a big contribution to nanotechnology. 
(3) Third Generation: Integrated nanosystems 
(expected practical use to begin from 2010)
   Nanostrures will continue to expand the 3-D 
systemization and achieve some functional ability. 
Also it is thought in the electronics field of base 
electric charge that the advent of electron spin and 
nuclear spin utilization will occur.
(4)  Fourth Generation:  Hetelrogeneous 
molecular nanosystem (expected practical 
use to begin from 2015-2020)
   From the molecular level nano construction 
systems will be drawn up and produced. An 
interface between man and machine, for example 
artificial sensory organs and nerves with an 
advanced hook up are still functions that are 
anticipated.
   In relation to Dr. Roco’s and other scientists’ 
nanotechnology risk and assessment management, 
there is large disparity between the first and second 
generations, as classified with the first generation’
s response in frame 1 and the second generation’
s response in frame 2. The first generation 
risk includes the unavoidable introduction of 
nanomaterial’s risk into organisms and the 
environment. From here whatever the latent risks 
were, for the most part they were under control. 
Moreover although the assessment management 
system and the handling of nanoscale went hand in 
hand with technical themes, its creation was based 
on existing chemical agent assessment management 
systems. However from the second generation the 
discussion on risk assessment management had 
only just begun.
   For example, the point of the second generation 
case of nanomaterial being actively introduced 
into an organism or the environment differs greatly 
from the first generation. 
Table 1 : Amount of investment to environment, health, and safety (EHS) by NNI
 Prepared by the STFC based on Reference[7]
NSF DOD DOE NIH NIST EPA CSREES NIOSH TOTAL
FY2006
Actual
achievement
21.0 1.0 0.5 5.2 2.4 3.7 0.1 3.8 37.7
FY2007
Estimate 25.7 1.0 0.0 4.6 1.8 8.0 0.1 4.6 45.8
FY2008
Requirement 28.8 1.0 3.0 5.7 5.8 9.6 0.1 4.6 58.6
EHS Total NNI Total EHS / NNI
FY2006
Actual 
achievement
37.7 1351.2 2.8%
FY2007
Estimate 45.8 1392.1 3.3%
FY2008
Requirement 58.6 1444.8 4.1%
NSF  : National Science Foundation
DOD : Department of Defense
DOE : Department of Energy
NIH   : National Institute of Health
NIST : National Institute on Standard & Technology
EPA  : Environmental Protection Agence
CSREES : Cooperative State Research, Education, and Extension 
                   Service (USDA)
NIOSH : National Institute of Occupational Safety & Health 
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2-3    Nanotechnology’s ethical, legal and 
societal Issues
   Regarding nanotechnology’s ethical, legal and 
societal issues, technology assessment, citizen 
panels and others have been implemented based 
on the advice from social humanities scientists and 
such. However there are still no concrete issues 
that have been sufficiently selected and arranged. 
As for the main reasons why, (1) Can’t get a feel 
for it because there are so many nanotechnologies 
and research and development phases that 
should be focused on, (2) It is interdisciplinary 
and too wide-ranged, (3) When it is practically 
implemented parts of existing industry products and 
technology are brought in, so the inherent effects of 
nanotechnology are hard to see, have been brought 
up. Many positions are being discussed within the 
coordinators of research and development, and steps 
are being taken to select and regulate issues.
International cooperation 
and the activities on social 
acceptance of nanotechnology 
in Japan, the United States and 
Europe
   The struggle for the social acceptance of 
nanotechnology has progressed the furthest in the 
United States, with Europe and Japan following 
soon after. Below, the current situation of each 
country’s representative effort and international 
cooperation is explained.
3-1   The United States
  Important topics such as societal, ethical 
and legal provisions have been raised ever 
since the United States government started the 
National Nanotechnology Initiative (NNI).[5] 
The conventional response was as usual to put 
existing government organizations in charge, as 
basically shown in Table 2.[6] Also supporting 
university research centers are the National Science 
Foundation (NSF), the Department of Energy 
(DOE), and the Department of Defense (DOD). 
The amounts invested in the environment, health 
and safety (EHS) and the entire NNI percentages 
accounted for are shown in Table 1.[7]
   As far as the fields related to nanotechnology’s 
connection to the environment, health and safety, 
the efforts of the Environmental Protection Agency 
(EPA) and the National Institute for Occupational 
Safety and Health (NIOSH) have been active from 
the beginning. The EPA has existing codes for 
nanomaterial risk that are related to comprehensive 
chemical agent management, for example the 
progress based on the Toxic Substance Control 
Act (TSCA) has been demonstrated, as stated in the 
December 2005 white paper on nanotechnology.[8] 
Also the EPA has through private corporations 
and NGOs supported nanomaterial safety-risk 
assessment management programs, and university 
health and environment impact research with 
public finance support. 
   On the other hand, the NIOSH is not a regulatory 
institution but rather a research institution whose 
mission is to collect all the necessary information 
for the creation of a safe working environment. 
Since the creation of nanotechnology they have 
designated a schedule for the solutions of ten 
important themes related to labor safety and 
health.[9] In reality they are focusing on carbon 
nano tubes and the comprehensive research of nano 
particles from their creation to their method of 
collection.
   Besides individual institutional programs, there 
is also cooperation between various ministry and 
agency programs like the National Toxicology 
Program (NTP) and the Interagency Working 
3
Working environment
Occupational Safety & Health Administration: OSHA
National Institute of Occupational Safety & Health: NIOSH
Medicine Food & Drug Administration: FDA　
Food US Department of Agriculture: USDA
Consumable Consumer Product Safety Commission: CPSC
Environment Environmental Protection Agency: EPA
Standards National Institute of Standard & Technology: NIST
Table 2: U.S.government organization concerning health and environmental impact of nanotechnology
Prepared by the STFC based on Reference[6]
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Group on Nanotechnology Environmental and 
Health Implications (NEHI). The goal of the NTP 
is to assess the risks of carbon nano tubes, quantum 
dots and titanium dioxide, while the goal of the 
NEHI is to assess the current regulations regarding 
the industrialization of nanotechnology and if 
the extension of those applicable regulations are 
adequate or not.
   Apart from public institutions, the Woodrow 
Wilson International Center for Scholars (WWICS) 
and the International Council on Nanotechnology 
(ICON) are actively making efforts. The WWICS 
is creating a public research database related 
to nanotechnology issues connected to the 
environment, health and safety.[10] On the other 
hand ICON, taking its lead from Rice University’
s Center for Biological and Environmental 
Nanotechnology (CBEN), is an international 
organization composed of industry, government 
and academia.[11] Their mission is to take up 
nanotechnolgy issues related to the environment, 
health and safety within the spirit of international 
cooperation. Its knowledge database connected 
to environment, health and safety issues (EHS 
Database) is particularly well known. The database 
has over 1300 references recorded since opening to 
the public.
   Moreover, in relation to ethical, legal and societal 
issues, the NSF appealed for public assistance for 
its Center for Nanotechnology in Society, whose 
core base is related to nanotechnology and society. 
Arizona State University (CNS-ASU) and the 
University of California at Santa Barbara (CNS-
UCSB) were selected.[12,13] Also the California State 
University and Arizona State University systems 
had both appealed to international sociologists 
for efforts on similar topics, and the International 
Nanotechnology and Society Network (INSN) was 
established in January, 2005.[14] The organizing 
role of this network’s body is the University of 
California, the University of Arizona, Lancaster 
University (UK), DEMOS (UK) and NanoNed 
(Netherlands).
3-2   Europe
   The EU’s 6th Framework Program (FP6) is an 
environmental, health and safety issues program 
that has within it the Nanosafe project, which 
is the representative organizing project.[1] In the 
project’s first term, (1) the gathering existing 
information related to possible hazards,  (2) 
damage-risk assessment of workers, consumers 
and the environment, (3) examination of risk 
mechanisms on the effects to the human body, 
(4) creation of a policy for preventing hazards 
before it occurs, (5) guideline recommendations 
for regulation measures, were all put into practice. 
Moreover in the second term Nanosafe II, the 
gathering of nanomaterial hazard information, 
risk assessment to workers, consumers and the 
environment, risk assessment mechanisms towards 
peoples’ health, the origination of a code of good 
practice for preventing hazards before they occur, 
and the endorsement of guidelines for regulations 
were the goals. Also as for other projects in 
this 6th Framework Program, Nanopathology 
(diagnosis methods, apparatus development, 
clarif icat ion of  pathological  mechanisms, 
verification of the importance over the pathology 
field), and Nanoderm (research into the impact of 
nanomaterial and the skin) and others are to be 
found. Finally in the 7th Framework Program (FP7) 
that was opened in 2007, international cooperative 
research in the fields connected to the environment, 
health and safety were planned.
   On the other hand, in connection with ethical, 
legal and societal issues, they were implemented 
within the 6th Framework Program as the notable 
Nanologue. The Wuppertal Institute for Climate, 
Environment and Energy (Germany), the Swiss 
Federal Laboratories for Materials Testing and 
Research (Empa – Switzerland), the Forum for 
the Future (UK), and Triple Innova (Germany) 
were all implemented institutions and are expected 
to remain so until 2010. In addition to the big 
impact nanotechnology will have on society, 
energy conversion, storage, medical diagnosis 
and foodstuffs packaging will all be adopted, and 
in relation to these, assessments will be carried 
out from the perspective of their function in the 
environment, health, privacy, access, responsibility, 
regulation and management. “Access” here means 
that the benefits of nanotechnology will be received 
by all, regardless of rich or poor, or in other 
words the prevention of a so-called “nano-divide” 
problem. The main project’s report on its results, 
“The Future of Nanotechnology: We Need to Talk” 
has been put out.
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3-3   Japan
  The public debate on the societal implications 
of nanotechnology in Japan was organized by 
the National Institute of Advanced Industrial 
Science and Technology (IAI) as the forum 
“Nanotechnology and Society”. It should be 
mentioned here that through this activity, the 
National Institute of Industrial Science and 
Technology (IAI), the National Institute for 
Material Science (IAI), the National Institute for 
Environmental Studies (IAI), and the National 
Institute of Health Sciences were the first time 
national research institutes controlled by different 
ministries formed a cooperating organization. 
  From this forum’s discussions, the Ministry 
of Education, Culture, Sports, Science and 
Technology’s Special Coordination Funds for 
Promoting Science and Technology “Research 
Project on Facilitation of Public Acceptance 
of Nanotechnology”was implemented in the 
FY2005.[16] The National Institute of Advanced 
Industrial Science and Technology (IAI) became 
the representing institution, and the four institutions 
mentioned above formed five working groups for 
the following subjects: (1)Risk management of 
nanomaterials, (2)Health impacts of nanomaterials, 
(3)Environmental impacts of nanomaterials, 
(4)Ethical and social impacts of nanotechnologies, 
(5)Technology assesment and research on 
economic effects to promote public acceptance of 
nanotechnologies. Through this process the roles 
of public research institutes, private sector related 
to nanotechnology and the government became 
gradually clarified, which were finally proposed 
as policy recommendations. Within the opinion it 
stated especially that the evaluation of health and 
environmental impacts of nanomaterials should be 
taken into serious consideration. In the capacity 
of public research institutions, businesses and the 
government’s responsible efforts, public research 
institution’s core research should be related to 
nanomaterial’s impact on organisms, amount of 
exposure and its lifecycle in conjunction with 
industry’s cooperation, and under government 
agencies working in concert for the creation of a 
best practice, the establishment of a framework 
related to drawing up a roadmap, outreach 
activities, international cooperation and others 
should be sought. Also on the occasion of the 
settlement of the 3rd Science and Technology Basic 
Plan, within the promotion strategy for the area of 
nanotechnology and materials, a “The Promotion 
of Responsible Research and Development that 
Contribute to Efforts of Safety and Security”clause 
was enacted. It was thought all the results of the 
survey research stated above were fitting points to 
bring up.[17]
   From the above survey research, in 2006 the 
same Special Coordination Funds for Promoting 
Science and Technology succeeded to “Multi-
Disciplinary Expert Panel on Societal Implications 
of Nanotechnology”.[3] The National Institute for 
Materials Science (IAI) became the representative 
institute, and from within the 2005 survey research, 
four urgent, important points were taken up and 
a task force created from members focused from 
each managing institution.  (1) Standardization 
of nano test material and the examination of 
characterization technology (managing institution: 
National Institute for Materials Science {IAI}), 
(2) Examination of matters for priority testing of 
nano material impact on organisms and others 
(the National Institute of Health Sciences), 
(3) Examination of matters for controlling the 
movement of nano materials’ lifecycle management 
(the National Institute for Environmental Studies 
{IAI}), (4) Examination of nanotechnology’
s technology assessment and communication 
(Nagoya University). Due to the survey research 
of each taskforce and the discussions of the forty 
or so specialists from the multi-field expert panel, 
concrete topics were selected and arranged related 
to materials science, toxicology, humanities and 
social science as well as others. For example, 
in relation to nanomaterial risk assessment, like 
the point mentioned in section 2-1, standard test 
materials, administering to organisms, metabolism 
and disposition analysis, exposure assessment and 
lifecycle assessment connected to the establishment 
of technology was ranked as an urgent matter.  
  Not only survey research, but also experiments 
involving nanomaterial risk assessment research 
were introduced separately, and the results are 
still pending. In 2005 the Ministry of Economy, 
Trade and Industry commissioned the National 
Institute of Industrial Science and Technology 
(IAI) to start the “Standardization of Nanoparticle 
Risk Evaluation Method”, and that same year 
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the Ministry of Health, Labor and Welfare 
commissioned the National Institute of Health 
Sciences to begin the “Research Related to the 
Development of Evaluation Methods for Health 
Impacts of Nanomaterials”. Also in 2006 the New 
Energy and Industrial Technology Development 
Organizat ion’s  ( IAI)  “Risk Assesment  of 
Manufacture of Nanomaterials”was begun with a 
five year budget of 2 billion yen, making this the 
world’s largest in the field. This put into operation 
a cooperating organization of independent 
administrative corporations and universities with 
the National Institute of Advanced Industrial 
Science and Technology (IAI) at its center. Its main 
target was to create a risk assessment report of 
carbon nano tubes, fullerene and titanium dioxide 
by 2011.
  Also, within the 3rd Science and Technology 
Basic Plan’s Promotional Strategy “The Promotion 
of Responsible Research Development that 
Contribute to Efforts of Safety and Security”, it 
describes that “Each government agency should 
not promote its own individual policy, but rather 
should cooperate and co act in their efforts”. In line 
with this policy, the “Developing Nanotechnologies 
and Engaging the Public”was begun by the Council 
for Science and Technology Policy in 2007. 
Moreover for the promotion of effectiveness and 
efficiency, in the capacity of survey and research 
towards the creation of a database index with a 
common foundation for promoting nanotechnology 
research and development, the Special Coodination 
Funds for Promoting Science and Technology 
“Research on Database Index Development for a 
Basis of Facilitation of Nanotechnology R&D” was 
adapted.[18]
3-4   International cooperation
   All  countries recognize as part  of their 
national policies the importance of international 
cooperation related to the social acceptance of 
nanotechnology which is raised within their 
research and development of nanotechnology. 
The f i rs t  in ternat ional  d iscourse  was  the 
“International Dialogue on Responsible Research 
and Development of Nanotechnology”,[6] where 
participants from 25 countries and participants 
related to science and technology policy from the 
European Union gathered. The second conference 
was hosted by Japan and held in Tokyo in June 
2006. 
   At the first conference, the United States 
proposed on the occasion a form of international 
agreement related to nanomaterial risk assessment 
management be carried out by the Organization for 
Economic Cooperation and Development (OECD). 
The OECD’s Chemicals Committee had a history 
of review related to chemical agent assessment for 
over 30 years. In relation to nanomaterial’s impact 
on health and the environment, the Working Party 
on Manufactured Nanomaterials (WPMN) was 
founded and promoted the following 8 projects:
Project 1: Database on Human Health and 
Environmental Safety Research
Project 2: Research Strategy(ies) on Human Health 
and Environmental Safety Research
Project 3: Testing a Representative Set of 
Nanomaterials
Project 4: Manufactured Nanomaterials and Test 
Guidelines
Project 5: Co-operation on Voluntary Schemes and 
Regulatory Programmes
Project 6: Co-operation on Risk Assessment:
Project 7: The Role of Alternative Methods in 
Nanotoxicology
Project 8: Exposure Measurement and Exposure 
Mitigation
   Also a  s tandard internat ional  target  of 
nanomater ia l ’s  impact  on  hea l th  and  the 
environment had been formed. In January 
2005  the  In t e rna t iona l  Organ iza t ion  fo r 
Standardization’s (ISO) established committee 
passed the international standardization related 
to nanotechnology and was inaugurated as the 
ISO TC-229. Within it three working groups were 
organized: WG1: Terminology and Nomenclature, 
WG2: Methology and Characterization, and WG3: 
Health, Safety and Environmental Aspects of 
Nanotechnologies. In general it could be said on the 
one hand the ISO would emphasize standardizing 
the individual products and technology, and on the 
other the OECD would emphasize the creation of 
an assessment system for the assortment of what 
the ISO standardized.
   In further correspondence with the ISO the actions 
of the United States and Japan are outlined below. In 
the United States within the American Standard for 
Testing Materials (ASTM) the E56 Nanotechnology 
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Committee was established in September 2004. The 
committee targeted the environment and work safety 
and security. Corresponding to Japan’s actions, 
in November 2004 within the Japan Standards 
Association the Investigating Committee Connected 
to the Standardization of Nanotechnology was 
created. Subsequently in September 2005 the 
Ministry of Economy, Trade and Industry created 
the Japan Industrial Standards Comittee’s.
Urgent issues Japan should 
address
   Although the activities on social the acceptance 
of nanotechnology in Japan began three to four 
years later than the United States and Europe, 
the amount of public funds invested annually in 
the nanomaterial risk assessment project is more 
than 500 million yen, and even experts from the 
United States and Europe are paying attention to its 
contents. However at the same time since the end of 
the Ministry of Education, Culture, Sports, Science 
and Technology’s Special Coordination Funds for 
Promoting Science and Technology in 2006, the 
core of communication among industry, academia, 
the government and NGOs has disappeared and 
it is thought that communication will continue to 
break down. In relation to communication, the 
difference between the West and Japan might be 
expanding even more than before. To improve this 
sort of situation, the plans mentioned next should 
be put into practice.
(1) The establishment of a rigid platform 
by cont i nuous ly  suppor t i ng  var ious 
activities related to the social acceptance 
of nanotechnology.
   The desired features of this rigid platform are 
presented as follows.
① Meeting planning and management
   ・ Convene various stakeholders, beginning 
with research and development experts and risk 
assessment specialists
   ・ Advance proceedings with attention to profit 
and risk hazards
   ・ The writing up of meeting reports and their 
dispatch
② The creation and upkeep of an information 
platform
  ・ Establishment of portal site features (links 
to principal sites, transmission of mutual 
information, web conferences, etc.)
   ・ Work together with international institutions
   ・ Dealing with unsuitable information 
(responding to misgivings on risk)
③ Trend investigation
   ・ Watching principal institutions
   ・ Multi-faceted, quantitive surveying 
(comprehensive analysis based on accumulated 
data)
④ Selection of new issues and drawing up 
executable strategies
   ・ Treatment of issues related to the 
environmental impact of nanomaterial
   ・Treatment of issues to the second generation 
response to nanotechnology as shown in 
Figure 2
   ・ Treatment of ethical, legal and societal issues
   The people needed to administer these kinds of 
issues already exist within the country, and it is 
thought that if you combine the dispersed capital of 
public and private funds then this strong foundation 
can begin to take form. Under the cooperation of 
government agencies and the cooperation between 
business, academia and government, this kind of 
strong foundation can be established and expected 
to be utilized efficiently.
(2) Preparation of a comprehensive strategy for 
various international discussions
   As was mentioned before concerning the forming 
of international agreements, in the end as to 
international institutions like the OECD, ISO and 
others, presently Japan also occupies a position of 
responsibility. There are many occasions to set up 
the groundwork for international discussions for the 
forming of international agreements. For example 
the “International Dialogue on Responsible 
Research and Development of Nanotechnology”
was the forerunner meeting where many policy 
leaders gathered to discuss about the framework 
of international cooperation. ICON, IRGC and 
others also had nanotechnology, risk assessment 
management and technology assessment experts 
and specialists from around the world gather. It 
might be that these gatherings were politically 
unofficial, but the gathering of the OECD and 
ISO discussions’ key persons occurred at the same 
4
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level. The Japanese people from industry, academia 
and government who were involved in that were 
aware, but they are not as actively engaged as 
their counterparts in the West are. Against this, 
Taiwan, South Korea and China’s governments 
are substantially beginning to actively engage in 
this field, and they are showing a desire to host 
meetings for this.
  The theme of international cooperation for the 
social acceptance of nanotechnology is simple, 
yet if it becomes entangled in regulations it will 
come to possess a competitive angle. Similarly 
with research and development, as far as making 
international rules is concerned, Japan should 
consider taking on a leadership role by creating 
a comprehensive international strategy, freely 
using the international network and taking part in 
international discussions. 
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6
Interoperability of Information and Communication System 
for Disaster Prevention and Mitigation
YUICHIRO USUDA
Affiliated Fellow
1 Introduction
   In terms of disaster prevention and mitigation 
it is important to use various information related 
to disasters such as hazard maps and disaster-
projection charts in effective ways in various 
scenes in need of self-reliance, cooperation 
and public assistance. Innovation 25, the long 
term strategic guidelines determined by the 
Cabinet on June 1, 2007, noted the importance 
of “establishment of the IT communications to 
provide various information of disaster to people as 
well as for disaster prevention” aiming a “safe and 
Creation of a Useful Information System in Coordination with the Smooth Flow of Disaster Information to Each and Every Citizen
H19 budget H20 budget
The promotion of 「Damage Prevention Visibility」 The Cabinet Office 20
Functional Expansion of the Disaster Prevention Information Common 
Platform
The Cabinet Office 175 171
Promotion of the popularization of hazard maps created according to 
information based on disaster prevention 
The Cabinet Office 15
The use of ICT for cooperative promotional projects in the fire fighting and 
damage prevention division Ministry of Internal Affairs and Communications 
Ministry of Internal Affairs 
and Communications 
17
Development of disaster telecommunication systems Ministry of Internal Affairs 
and Communications 
261 516
Earthquake and tidal wave prediction and monitoring system Ministry of Education, 
Culture, Sports, Science and 
Technology
1,558 1,406
Disaster Risk Information Platform Ministry of Education, 
Culture, Sports, Science and 
Technology
1,136
Disaster Information Shared System (DISS) development and use  Ministry of Land, 
Infrastructure and Transport 
within 29
Practical Use of accumulated disaster information Ministry of Land, 
Infrastructure and Transport 
12 12
Highly accurate flood prediction / Development of real-time hazard maps Ministry of Land, 
Infrastructure and Transport 
within
671,342
Supporting the maintenance of cable-type seismometers for the Tokai, 
Tonankai and Nankai regional earthquake monitoring system
Ministry of Land, 
Infrastructure and Transport 
839 785
Creation of a disaster prevention information system with the high use of 
fiber-optics and various infrastructures
Ministry of Land, 
Infrastructure and Transport 
7
（Subtotal） 4,085
Table 1 :  Innovation 25 accelerated community restoration project 
"Disaster prevention information system" status of each government department
Prepared by the STFC based on Reference [2]
(unit: million yen)
secure society” as one of the “Social Responsibility 
Acceleration Project”. Table 1 shows the status of 
each government department for 2008 concerning 
this project in FY2008. This paper overview 
the current status of the IT communication 
system for disaster prevention/mitigation which 
is actually in the process of establishment, as 
well as “Interoperability of Disaster Prevention 
Information System” as a state of the creation and 
effective use of the disaster prevention information. 
In particular, it is focused on an information system 
which has been used for the purpose of disaster 
prevention and mitigation even before occurrence 
of disasters. 
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Current conditions of 
the disaster prevention 
information system
  
   Regarding the disaster prevention information 
related policies, extracted by “FY2007 White 
Paper on Disaster Management”[3], a report is 
summarized concerning the desirable status of 
organic link of disaster prevention information 
of  var ious adminis trat ive bodies ,  sharing 
information between administrative bodies and 
citizens, or between citizens, and provision of 
scientific disaster prevention information. “New 
IT  Reform Strategy” (determined by IT Strategic 
Headquarters)[5] in January 2006 shows the policies 
including promotion in providing disaster related 
information to citizens, advancement and security 
of disaster prevention/security information and 
expansion of disaster prevention information 
platform. Furthermore, “Priority Policy Program 
2006”[6] in July 2006 refers to the promotion of 
disaster information infrastructure, which is needed 
to aim at establishing a world-renowned safe and 
secure society.
   Disaster prevention information system promoted 
by the Japanese government including the Cabinet 
Office, the Ministry of Land, Infrastructure and 
Transport, the Meteorological Agency, the Fire 
and Disaster Management Agency and others, are: 
collection, sharing and transmission of a variety of 
disasters and disaster prevention information (Table 
2). Likewise, each local government advanced the 
examination and creation of its own independent 
disaster prevention information system. In these 
past few years, companies rapidly advance creation 
of their disaster information system from the 
viewpoint of Business Continuity Plan (BCP) and 
System Administrative office Outline
Disaster prevention informational common 
platform The Cabinet Office
To make it possible to obtain a basic standardization of 
disaster prevention facilities that should cross common 
disaster prevention information forms and a summary 
of common central and regional public organization 
facilities and residents’ information should in due course 
be accessible. Depending on the earthquake, estimated 
damage information, weather information and river 
information and others, combined with information on 
the state of the disaster area and the activities of various 
organizations, a common and easy to understand system 
is possible.
Ear thquake Phenomena Observat ion 
System (EPOS), Earthquake Tidal Wave 
Observational System (ETOS)
The Meteorological Agency
To gather, process and analyze all of the country’s 
600 estimated seismic intensity meters and estimated 
180 tidal wave monitoring equipment and display the 
observations online.
Seismic Intensity Information Network 
System operation
The Fire and Disaster 
Management Agency
To gather all of the country’s prefectures, cities, towns 
and villages seismic data from the estimated 3,400 
seismic monitoring points promptly, and streamlining the 
use of established aid systems over a wide area.
Strong-seismic motion network
National Research Institute 
for Earth Science and 
Disaster Prevention
With a set up of about 1000 seismic monitors around 
the country, the network can distribute and gather 
earthquake information and provide practical use of an 
earthquake’s time of occurrence from the initial shock.
Automated Meteorological Data Acquisition 
System (AMeDAS) The Meteorological Agency
To observe local weather information
Computer System Meteorological Services 
(COSMETS) The Meteorological Agency
To gather, analyze and forecast the distribution and 
altitude of clouds by observing weather data from 
stationary weather satellites.
We a t h e r  i n f o r m a t i o n  t r a n s m i s s i o n 
management system The Meteorological Agency
The information processed and analyzed by the 
Meteorological Agency is transferred to the Cabinet 
of f ice, the Defense Agency, the Fire and Disaster 
Management Agency, the Japan Coast Guard and other 
central government agencies simultaneously with the 
Ministry of Land, Infrastructure and Transport’s Regional 
Development Bureau and local public entities.
River information system The Ministry of Land, Infrastructure and Transport
It gathers data on the amount of rainfall and the water 
level from river telemeters and radar pluviometers in 
addition to processing the information at its facilities.
Table 2 : Examples of disaster prevention information systems of Japan
Prepared by the STFC based on Reference [3]
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business disaster prevention measures.
   There are many disaster prevention information 
systems open and available to use for public, by 
both private and public sectors. Hazard maps, 
which have been provided by many municipal 
offices as disaster prevention related information, 
are available for public as a paper-based media. 
It is even available on the websites in most cases. 
Most of the files are static as an image or PDF file. 
Some are even useful with expansion or shrinkage 
of images by using WebGIS (Web Geographic 
Information System) technology. For example, 
“Chigasaki City Earthquake Simulation System” [7] 
indicates seismic intensities and liquidation status 
assumed of the area, if the users set an earthquake 
can its magnitude to simulate. This is a system 
to show different results of simulation depending 
settings and operations. With “Interior Room Risk 
Simulation System”[8] published by Hitachi East 
Japan Solutions Ltd., users can simulate situations 
of damages or how to evacuate with seismic 
intensity data by setting an layout of the rooms, 
structure of the building or layout of the furniture 
by themselves. There is another community-base 
system to share various information. In Fujisawa 
City, Kanagawa Prefecture, “Fujisawa DENEN 
Map”[9] is created by residents to open for public. 
This is a series of maps of barrier-free facilities, 
cultural assets, restaurants and sightseeing locations 
recommended.  It also includes the information 
of evacuation area, warehouses to store materials 
against disasters, fire hydrants, medical facilities 
and other information.
   In this way, with the current development of 
ICT (Information Communications Technology), 
it should be further progressed to take measures 
for inflation collection, sharing and transmission 
via the Internet. There are more systems for 
residents, regional communities or companies in 
recent years, compared to the past when most of 
disaster prevention information was for public 
organizations. It means that the focus on the policy 
is shifted to self reliance or cooperation in case of 
disasters, not only relying on public supports.
Necessary conditions for the 
future disaster prevention 
information systems  
   
   While the above mentioned disaster prevention 
information systems are created for operation, the 
following two requirements may be particularly 
noted for implementation of the future disaster 
prevention and mitigation using information. 
3-1   “Integrated use of information” for multi-
hazard/multi-risk management measures 
and countermeasures against uncertainty
   As for disaster prevention and mitigation, any 
potential hazards should be considered not only 
one kind of hazard (a source of disaster) such as 
natural disasters including earthquakes, eruptions, 
floods, landslides, tidal waves and others. 
There are also many risks (receiving damages 
from hazards) such as risk to life, material risk, 
economic risk, recovery and reconstruction risk 
and others. That is to say, for disaster prevention 
and mitigation countermeasures, everyone needs 
to examine and develop multi-hazard/multi-risk 
management. In addition, as the mechanisms that 
create natural disasters are not fully understood, so 
much information related to disasters bears some 
uncertainties. Therefore, it is necessary to give 
due consideration to the reliability and accuracy of 
information, as well as diversity of its sources. 
   In order to examine and develop multi-hazard/
multi-risk management and disaster prevention and 
mitigation countermeasures based on uncertainty, 
users cannot only rely on a single source of 
information. This is a requirement for anybody 
in considering disaster prevention and mitigation 
measures based on multi-hazard/multi-risk 
management. In addition, decide what your course 
of action should be, in other words, “Information 
Integration and Utilization” is needed when using 
it.
   In the contrary, as the existing damage prevention 
information systems are in operation with 
individual systems for either earthquakes, floods, 
mudslides or others, it is difficult to use them as 
one piece of system to integrate these information. 
Even with the existing system to enable multi-
layer displays with WebGIS etc, only information 
3
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4
preset in these systems are available. In most 
cases, it is impossible to integrate information on 
different systems to use. Under these conditions, it 
would be difficult to compare, trade-off or make a 
comprehensive study on information even though 
various information is available to examine multi-
hazard/risk measures and uncertainties. Therefore, 
for the future disaster prevention information 
system to be established, “integrated use of 
information” should be achieved to take measures 
against multi-hazard/multi-risk and uncertainty.
3-2   “Linkage of information” for ensuring the 
reliability of information
   When users make their decision based on 
some information, it is necessary to ensure that 
such is fully reliable. In many cases, reliability 
is referred to as the guaranteed accuracy of 
information. However, as mentioned earlier, a lot 
of uncertainties exist in the area of disaster risk. 
Therefore, even though information is not always 
sufficiently accurate, there are cases where the 
disaster prevention and mitigation countermeasures 
may need to be studied based on such unconfirmed 
information. In this case, the origin and means 
of preparation for the said information should be 
clarified. At the same time, the information for 
linkage must be correlated each other according 
the way of its preparation. Linkage of information 
referred herein means that the target information 
should also be updated with other data which 
was prepared based on the said information. 
For example, the damage simulation chart by 
earthquake disasters is a result of simulation 
based on a comprehensive processing of various 
information according to the earthquake potential 
evaluation, plus an underground structure model 
created according to the boring data and geological 
data, population in the ground area and seismic 
evaluation of buildings. Therefore, if even one of 
these original data is updated, the damage estimate 
should also be revised as well. With an appropriate 
linkage of information, the damage simulation 
would always reflect the latest data without 
inconsistency of information, which is only said to 
be reliable information.
   On the other hand, the current disaster prevention 
information system is not capable of updating 
the latest information of various data since the 
information for use is saved in specific databases 
in the systems. Its operational load is too heavy 
on this system. That is why the latest information 
might not be reflected to the system at the time of 
its establishment. Under the circumstances, it is 
impractical to use the latest data when studying or 
planning a disaster prevention/mitigation measures. 
It would also be inappropriate to take desirable 
measures as data collected are inconsistent. 
   In the surveys and research into disaster risks, 
new knowledge is steadily being produced. For 
decreasing uncertainty, it is always important to 
always utilize the most convincing information. 
Therefore, for the future creation of a disaster 
prevention information system, it is necessary to 
use of the newest information. It is also necessary 
to set a system to interlink information for securing 
the consistency of information.
I n te roperab i l i t y  t o  enab le 
c i r cu la t i on  o f  i n fo rma t i on 
between various systems 
   As stated in the second chapter, there are many 
disaster prevention information systems being 
constructed and utilized at present. However, for 
examination and planning of appropriate disaster 
prevention and mitigation countermeasures, 
two requirements needed to be fulfilled which 
were raised in Chapter 3.  In related to these, the 
problem the present disaster information system 
has formed is that each system was constructed 
and utilized independently, and the information 
provided by these systems can only be used by a 
specific system. For example, the present public 
institution’s damage prevention information 
system was designed for studying and executing 
disaster prevention countermeasures for that public 
institution so that it does not necessarily assume the 
public use of the system. However, the information 
being used within the system includes plenty of 
effective information that the citizens can use to 
help themselves and to cooperate with others. 
For example, information about the locations 
of disaster prevention facilities and established 
mechanical equipment and materials, damage 
estimates, past records of disasters and other 
data is very important information for citizens. 
However, this sort of information is only provided 
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by means of paper-based hazard maps or on the 
unchangeable data charts and PDF files on the 
websites of public institutions in many cases. As a 
result, citizens create, edit and use the information 
to their own format by themselves in order to use 
it on their disaster prevention information system 
at present. In the meantime, as a measure by the 
citizens, their unique “disaster prevention maps” 
are developed to show “things in risk on the daily 
lives”. However, this is only a method of sharing 
information amongst the citizens so that there is 
no practice of using the fresh information to the 
disaster prevention information systems of public 
organizations.
   In “Report from Expert Committee concerning 
Information Sharing of Disaster Prevention”[4], it 
also shows the necessity of balanced measures of 
a disaster prevention society aiming self-reliance, 
mutual and public cooperation. It also states “it 
is extremely important to enhance the capability 
of regional communities against disasters by self-
reliance and mutual cooperation of local citizens, 
NPO and companies. For effective implementations 
of self-reliance and mutual cooperation, it is 
indispensable to circulate information.” However, 
under the current disaster prevention information 
system, it is hard to say that the disaster prevention 
and mitigation information are truly integrated 
for use and circulated to achieve linkage of the 
information.  
   In order to solve these problems, it may be 
effective to have a uniform specification of all 
of the disaster prevention information systems, 
or have a consistent format for all information. 
However, each disaster prevention information 
system also has the important goal of offering 
necessary features and conveniences for their 
respective users, so that it is impractical to apply 
an identical specification for different systems in a 
realistic term.  Meanwhile, information exchange 
Figure 1 : Image of mutual applications within a telecommunication system 
Prepared by the STFC based on reference[10]
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through an “interoperable system” may be effective. 
This is to standardize only the interface of systems 
to exchange information between the systems. As 
shown in Figure 1, by standardizing the interface, 
which varied for each server, the information 
provided by separate IT communication systems 
can be shared by the systems. According to 
this scheme, it becomes possible to mutually 
circulate the information being handled between 
the diversified disaster prevention information 
systems. As a result, the systems are mutually 
connected to allow users to a series of information 
on the network. If we say that the conventional 
systems were discrete and separate among the 
organizations, the interoperability can be said to 
be a system of linkage to share the information by 
the concerned organizations. Therefore, apart from 
the conventional one-way operation systems, users 
are allowed to take various information available 
outside of their organization positively. It is now 
required to achieve an environment for users to use 
all information on any system. 
Effectiveness of 
interoperability
   This chapter is to introduce case studies how the 
requirements for disaster prevention information 
system stated in Chapter 3 could be satisfied by the 
interoperability of IT communication systems. 
5-1  Feasibility of “Integrated Use of Information” 
   As was mentioned in Chapter 3-1, in order to 
cope with multi-hazard/multi-risk and consider 
uncertainty from the occurrence, it is required to 
achieve an integrated use of information provided 
by different disaster prevention information 
systems. However, as mentioned in Chapter 
4, it was a challenge to take measures against 
the current system that the disaster prevention 
information systems are all separate without 
linkage. To the contrary, specific case studies are 
introduced here, which is under consideration to 
reflect the idea of interoperability, to link disaster 
prevention information systems each other and 
operate it in cooperation. 
   In Shimada City, Shizuoka Prefecture, there 
is a community-based information platform 
called “eCommunity Shimada” [11] in operation. 
In “eCommunity Shimada”, 35 communities 
are participated in local activities such as music, 
environment, confectionary, and commerce. It 
includes a community of damage prevention 
efforts called the “Neighborhood Safety Inspection 
Map”. Since 2005, residents can reflect various 
information related to disasters on the map such 
as where have been hit with disasters in the past, 
areas with potential danger and risk cases for 
safety and security of the community. At first, 
it was only a tool of information sharing by the 
residents. On the other hand, “Shimada City Land 
Disaster Hazard Map” a paper map of possible 
danger areas where mudslides, rockslides and 
landslides were distributed by the prefectural and 
Shimada city administrations. However, due to 
the two different means of distribution media, the 
above “Neighborhood Safety Inspection Map” did 
not reflect areas at risk of disasters as shown in 
“Shimada City Land Disaster Hazard Map”. There 
even was no comparison of information.
   In December 2007, National Research Institute 
for Earth Science and Disaster Prevention, 
NIED digitized and saved “Shimada City Land 
Disaster Hazard Map” in the provisional server 
of the administrations aiming to use it for data 
sharing with “eCommunity Shimada” on an 
interoperable interface. Likewise, information 
such as aerial photographs was also applied for the 
interoperable system. Accordingly, as shown in 
Figure 2, it became possible to overlap the images 
of “Shimada City Land Disaster Hazard Map” by 
the administrations and “Neighborhood Safety 
Inspection Map” developed by the residents on 
the same display with “eCommunity Shimada”. 
It allowed users to specifically check areas with 
inconsistency of information for recognition of 
risks between the residents and the administrations. 
   For example, while the shaded section of Figure 
2-(1) was once designated as an area at risk 
of mudslide, no information was given by the 
residents on “Neighborhood Safety Inspection 
Map”. In other words, it was a point of danger 
that residents were not aware of. Because the risk 
of mudslides is a geographical feature that occurs 
from a disaster, it is thought that it was difficult for 
residents to be aware of from their view. On the 
other hand, Figure 2-(2) shaded section shows the 
area at risk, which was recognized by the residents 
5
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but the government did not designate it as an area 
or zone at risk. Residents made some comments 
with worries that “a steep mountain is very close 
to my house, so I am worried of a landslide if there 
is heavy rain or an earthquake”,  and “my house is 
next to the road, but if the mountain collapses, I am 
afraid the road or my house could become damaged 
due to its steepness.” However, the government did 
not designate the areas because their designation 
is based on a certain standard for hazard spots and 
danger zones, which did not reflect any views of 
the residents. Therefore, the current scheme of 
interoperability of the system revealed two big 
differences of views of the administration and the 
residents.
   Given a workshop with participation of the 
residents using the map system for comparison, the 
discussion was focused on the difference of views. 
The free comments on the questionnaire after the 
workshop includes: “I think I should look at the 
disaster hazard map”, “I wish the administrations to 
gather more ideas from the local neighborhoods”, 
“we should discuss what we should do in the 
future, for improvement of the system”. This 
was seen as a positive sign of stronger interests 
on risk management as the residents could 
acknowledge the difference of views between them 
and the administrations. On the other hand, the 
administration could take effective measures to 
improve the awareness of residents by intensively 
point ing out  areas at  r isk,  which was not 
recognized, to the residents as well as to provide 
comprehensive explanations of the areas or point 
of danger as shown in Figure 2-(1). Conversely, 
as Figure 2-(2), the administrations are required to 
take countermeasures or making reasons for areas 
at risk recognized by the residents but not shown in 
the hazard map at their accountability.
   Accordingly, the interoperabili ty of the 
disaster prevention information systems of both 
administration and the residents led a synergy 
effect on sharing information of dangers, which 
was not sufficient with either media of hazard maps 
or mapping efforts of the administration or the 
Figure 2 : The integration and utilization of information on the e Community platform
Prepared by the STFC based on reference[11]
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residents. This is one of the effectiveness expected 
for the interoperability of the system. Shimada City 
still continues a study on the information operation 
system to show not only the geographical data but 
also various disaster prevention and mitigation 
information including public supports for seismic 
structures on their official website, with a link to 
the e Community Shimada website to show the 
information simultaneously.
5-2  Feasibility of “linkage of information” 
   By improving the information sharing, it is more 
expected to create a series of disaster prevention 
information system to link multiple systems in a 
dynamic manner, to link programs to show data 
with a trigger when a information is updated by 
mutually linking different systems and its related 
services.
   For example, in terms of the assessment of 
shock of the ground due to an earthquake, while 
it is necessary to have a detailed model of the 
underground structure, a certain boring data would 
be required for this. Boring is executed as needed 
for construction of urban infrastructure or buildings 
and its data are managed by municipal offices. In 
the past, underground structure modeling efforts 
needed a collection of the latest boring data at 
the point of work. Therefore, if it is possible to 
mutually link the system to manage the boring 
data, the system to generate underground structure 
models and the system to assess the level of 
shock of the earthquake, it would be possible to 
integrate a series of process whenever updating 
the boring data of different systems. This enables 
to retain the latest and maximum assessment data 
of underground structure model and its shock 
of the earthquake. This interoperability related 
studies have started in July 2006 as part of “the 
establishment of integrated underground structure 
database” as a solution study [12]. 
  This type of information system linkage will 
be particularly effective for real-time based data 
Figure 3 : The connection of information based on interoperable applications 
Prepared by the STFC based on reference[13-15]
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systems. For example, National Research Institute 
for Earth Science and Disaster Prevention, NIED 
conducts research and development for the 
following three points concerning urban rainfall 
disaster prevention information systems. The 
first point is “Rain Surveillance Information 
based on MP Radar”[13], which is the research 
and development of improving the accuracy of 
forecasting and surveying rainfall. The second is 
the research and development of “Real-time Flood 
Damage Forecasting Information”[14], which is a 
system that can forecast the degree of flood danger 
within an hour. The last one is the research and 
development of “Action Support System based on 
Disaster Risk Information”[15] to support citizens 
or evacuation of those who in need of assistance 
based on the disaster risk information. At present, 
these systems are independently being researched 
and developed. In regard to this, if the information 
systems can link each other, a series of process 
will be enabled in the event of disasters, as shown 
Figure 3: the flood simulation system obtain the 
real-time rainfall information taken by MP radar 
to predict the risk of flooding in one hour, the 
predicted data is then transmitted to the action 
support system for providing disaster related 
information such as evacuation or first-aid route for 
users.
   Moreover, the real-time flood simulation system 
may surveillance data other than MP radar, which 
improves the accuracy of prediction of the danger 
of a flood. With the action support system, it would 
be possible to improve the function to be an action 
support system for multi-hazards reflecting the 
damage prediction other than flooding (e.g. real-
time damage prediction based on the seismic 
intensity bases on an emergency earthquake 
newsflash. Like this, one mega system would not 
handle all the information but divide the processes 
to make each system to be discrete and link them 
in a dynamic manner as the interoperable system. 
Therefore, the accuracy will be improved by 
updating new data at various points in the whole 
process. On data can be used by multiple systems 
Figure 4 : Cabinet office shared disaster information platform overall configuration diagram  
Source: reference[16]
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more effectively.
   The past few years, there are various new 
services and data to allow users to combine 
services and contents to use thanks to free services 
of API (Application Programming Interface) with 
ease (e.g. Google Maps API). This represents the 
trend of “user innovations” which anybody can 
design how to output information on any systems, 
not the source of information controls the data. 
This point is very important for the future way of 
disaster prevention/mitigation information to be 
provided.
Trends of technological 
development and system 
evaluation for interoperability
   In order to achieve the interoperability, it 
is necessary to standardize the interface to 
circulate information on the disaster prevention 
information system. The following are the trends of 
technological development and system evaluation 
underway to date.
   First ly,  Japan has “Disaster  Prevention 
Information Shared Platform” [16] (Figure 4) which 
is proceeded to establish by the Cabinet Office. 
This platform has a separate interface from the 
existing systems. However, it is aimed to design 
an interoperable system on the common interface 
to share. If it is realized, the disaster information 
shared platform would register the updated 
information at all times from the existing systems 
and other systems to be maintained or renewed 
in the future. Moreover, once each government 
ministry and agency’s disaster  prevention 
information system (represented as the disaster 
prevention information application in Figure 4) 
will also be allowed to use the latest information 
through this platform. At present, the study is 
proceeded how to create a disaster prevention 
information report or disclosure of the system 
technical specifications (e.g. how to connect) and 
operation and maintenance systems.
   National Research Institute for Earth Science 
and Disaster Prevention and National Institute of 
Advanced Industrial Science and Technology have 
strategically and jointly coordinated to develop a 
“Shared Information Platform” to share diverse 
information for the purpose of various information 
sharing to achieve a strategic and cooperative 
measure to mitigate disaster damages by sharing 
the disaster information. As far this development 
is concerned, “Disaster Mitigation Information 
sharing Protocol” based on various standards 
widely recognized are proposed to facilitate the 
connection of systems using the existing systems 
and systems with state-of-the-art technologies [17].
   In the meantime, the disaster prevention 
information of municipal offices and organizations 
are not only for disaster prevention but also whole 
regional information, which was in the process of 
study as “Regional Information Platform”[18] by the 
Ministry of Internal Affairs and Communications. 
Specifically, it is aimed to link and integrate 
various regional services, of both public and private 
by creating the common IT system infrastructure 
using technologies such as web services and 
XML. It is being promoted by The Association 
for Promotion of Public Local Information and 
Communication as on the applications. “Disaster 
Prevention Application Basic (Second Edition)” [19] 
was published.
   In the broadcasting industry, data broadcasting 
became possible to provide more incidental news 
because of the digitization of broadcasting systems. 
Data broadcasting is gaining attention as one of the 
effective means of communication of information 
in case of disasters. Currently, it is studied aiming 
at general-purpose standards with diversified 
expressions and consistency of information based 
on the theme to use it for transmission of disaster 
information as “Common XML format of regional 
information for digital broadcasting TVCML 
(Television Common Markup Language)”[20]. 
   Most of information used by the disaster 
prevention information system can be regarded as 
one of information containing location data, which 
can be regarded as one of geographical data. In the 
extent of geospatial information, standardization 
for the international standard (ISO-19100 series) 
is being examined at present. Japan also promotes 
the standardization conforming to JIS standard 
(JIS-X7100 series). In Japan, Geographical Survey 
Institute developed “JPGIS (Japan Profile for 
Geographic Information Standards)”[21] or “JMP 
(Japan Metadata Profile)”[22] which are easy to 
use and compiled in a practical term. As for the 
specification of the interface, for example, WMS 
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(Web Mapping Service: ISO-19128 specified), 
WFS (Web Feature Service: ISO-19142 under 
study) and WCS (Web Coverage Service) are the 
examples. WMS is a format to exchange image 
contents. WFS is a format to exchange objects 
as it is, and WCS is a format to exchange data as 
numerical data. Since the data complied with the 
formats above, it became possible to transmit data 
between different systems in a dynamic fashion. 
Therefore, in the area of geospatial information, the 
trend to an international standard is accelerating. 
Even in Japan, the trends toward standardization 
of information and its use are getting more active 
with the launch of “GIS Action Program 2010” 
by the Liaison Committee in March 2007 and 
determination of the “Basic Law concerning 
Practical Use and Promotion of Geographical Area 
Information” in May by the Diet. National and 
Regional Planning Bureau of the Ministry of Land, 
Infrastructure and Transport compiled “Standard 
Interface Guideline of Shared Geographic 
Information”[10] based on WMS, which is expected 
for use by many institutions and organizations. 
Japan has been experienced the Great Hanshin 
Awaji Earthquake and activated the discussion 
and challenges on standardization of geospatial 
information from the time. Especially, information 
related to disaster prevention and mitigation is 
prioritized among various geospatial information. 
   As mentioned above, various studies on 
specification of the systems have been conducted 
for standardization to enable circulation of various 
data including texts, numerical data, map, movie, 
and audio related to disaster prevention. Such move 
of studies should be further accelerated. Thus, there 
should be a system to link all the information for 
anybody to share without interruption.
Tasks for the future
7-1   Active readiness of institutions and 
organizations for the interoperability, and 
maintenance of information guidelines to 
promote the action
   For the interoperability of the disaster prevention 
information systems, the key of success is whether 
each institutes or organizations may be motivated 
to circulate specific information. Information 
currently available on the interoperable system 
by institutions and organizations include the 
50m Contour Line[23] and Geospatial Base Map 
25000 [24] of Geographical Survey Institute 
(published by ESRI Japan), Aerial Ortho Photo [25] of 
the Ministry of Land, Infrastructure and Transportation 
National and Regional Planning Bureau, and Landslide 
Terrain Distribution Map of National Research Institute 
for Earth Science and Disaster Prevention[26], which 
are provided in WMS format. However, it is 
still exceedingly few. In particular, government 
institutions are still cautious about disclosing 
information. This is because information providers 
could be claimed for their responsibility in 
many cases if any problems occur due to the 
information they provide. However, in regard to 
disaster prevention and mitigation, the target of the 
provided information is irreplaceable human life 
and properties. They should be rather claimed for 
their responsibility by not providing information, 
as human lives and properties in danger could be 
saved even with information of low accuracy or 
unidentified. 
   It is important to further promote measures to 
provide information in an active manner and its 
interoperability by clearly setting the standard 
for compliance, upon appropriate discussion and 
studies how information should be used effectively. 
For example, some divisions of Geographic 
Information System (GIS) Liaison Committee 
were hesitating to disclose information due to lack 
of information about availability or conditions 
of electric data even though the geospatial 
information owned by the government offices are 
public assets. It is regarded as an issue to be solved. 
Therefore, “Guidelines concerning Geospatial 
Information provided by the Government”[27] 
was established in April 2003 for the purpose of 
promoting a geospatial information circulation 
under the transparent and fair rules.  It states that 
“the geospatial information maintained by each 
ministry and agency is not only valuable to attain 
each facility’s respective goals, but useable news 
of high needs of individuals and companies. It 
is also valuable for the society and economic 
activities. Therefore, except when it is assumed 
that the information could lead negative impacts on 
benefits of companies or serious affects on public 
activities, the information should be provided for 
free on the Internet, in principle. There should 
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also be a minimum impact on how to use in 
order to allow individuals and private sectors 
to use their creativity. There are also specific 
proposal of provision of location information, 
consideration in providing information for the 
information providers, how to provide, settings 
of information conditions, and protection of 
personal information which care needs to be 
taken in disclosure of information, ensuring the 
safety of individuals by the government and 
public sectors and clarification of responsibility 
of copyrights. There is also a different example 
in regard to aerial photographs, Association Of 
Precise Survey & Applied Technology presents 
notes in providing aerial photographs with a 
document as “Disclosure of High Resolution Aerial 
Photographs in taking consideration of personal 
information protection and the national security 
(for awareness)”[28]. Such guidelines for disclosure 
of information in a direct and positive manner 
should be studied by institutions and organizations 
concerned to various information so that more 
disaster prevention information systems can be 
adopted to the interoperable system as well as for 
circulation, linkage and integrated use of various 
information. It will contribute to the realization of 
IT infrastructure required for disaster prevention 
and mitigation.
7-2   Promotion of disaster prevention and 
mit igat ion countermeasures using 
disaster risk information
   The above explained that the interoperable 
environment of disaster prevention information 
systems should play a significant role in achieving 
disaster prevention and mitigation measures. It 
should be noted, however, such systems and the 
interoperable environment are not the final goal in 
the scheme. The final outcome desired for a disaster 
prevention information system is to effectively and 
efficiently take disaster prevention and mitigation 
measures by using the disaster-risk information 
which is available in the society. The interoperable 
environment and disaster prevention information 
system are only basic tools to achieve the goal. 
Therefore, the key of success is to promote the 
interoperable environment as well as to provide 
opportunities for citizens to study and take actions 
to promote the disaster prevention and mitigation 
measures by using the disaster risk information 
with administrations, companies and NPO upon 
a policy of self-reliance, cooperation and public 
assistance.
   On the other hand, there are quite a few 
measures which the final goal seems to be 
provision of information or establishment 
of the system. For example, “Survey Report 
concerning Flooding Hazard Maps and Disaster 
Prevention Information” [29] shows only 33.8 % 
of municipal offices which conducted follow-up 
activities for Hazard Maps after its distribution. 
Even though information is provided, it cannot 
be said that the interoperable environment could 
be effectively used for disaster prevention and 
mitigation measures unless there are enough 
communication and follow-up to supplement 
information. In “Special Report concerning shared 
Disaster Prevention Information” by Central 
Disaster Prevention Council shows the necessity 
of measures: maintenance of communication 
base environment, sharing/standardization of 
information, as specific measures, as well as 
awareness in a normal state concerning the proper 
behaviors in the event of disaster, implementation 
of risk communication, information sharing in local 
communities to cope with various local conditions 
and transmission and use of disaster related 
historic information in the areas. In addition, as 
for the future topics for examination, five points 
are raised: (1) specific cooperative policy between 
disaster prevention related institutions and press, (2) 
specific plans to secure telecommunication means 
by the residents in case of disaster, (3) support for 
development of personnel and organizations to 
coordinate the way of sharing disaster prevention 
information among the residents, (4) how the 
disaster measures should be in a local community 
with participation of companies and NPOs, and 
(5) international information sharing concerning 
disaster experiences and lessons. For these issues, 
it is expected to take positive measures in the real 
society. Research and development of a system to 
specifically support self-reliance, cooperation and 
public assistance using information is a critical 
subject as well as maintenance of social systems to 
promote these activities and creation of information 
usage guidelines.
   In the end, it is important for information 
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providers to follow up to make sure that their 
information is  properly used in an act ive 
manner, not having the final goal just to provide 
information, establish systems and conduct its 
interoperability. Users of the information then 
should fully use the disaster prevention information 
upon interoperable systems, and effectively 
study and plan individual disaster prevention and 
mitigation measures, as well as to participate in 
the disaster prevention activities according to the 
policy of self-reliance, cooperation and public 
assistance.
Conclusion
   This paper points out issues of necessity of 
integrated use and linkage of information available 
to use on different disaster prevention information 
systems while overlooking the current status of 
them aiming for an effective use of information 
which are important in studying disaster prevention 
and mitigation. This paper also propose an 
“interoperability” scheme for circulation of 
information between different disaster prevention 
information systems, while showing the possibility 
of integrated use of information, a series of linkage 
process and emergence of “user innovations”. In 
the future, it is necessary to provide information 
disclosure guidelines to promote positive actions 
of each institution and organization, as well 
as accelerating the trend of study for standard 
specifications and improving the relations of 
different types of information to implement the 
interoperable system. Furthermore, in order to 
realize the schemes, research and development 
activities are inevitable concerning effective 
implementation measures and usage systems. 
Social systems and information disclosure 
guidelines are also necessary to promote the R&D 
activities. Information providers should have an 
important role to positively support concerned 
organizations or individuals to properly use the 
information provided, not setting the final goal 
for provision of information, launch of systems 
and realization of interoperability. Users are then 
required to effectively use the interoperability of 
the disaster prevention information as a base to 
achieve disaster prevention and mitigation, as well 
as to act for disaster prevention with the readiness 
of self-reliance, cooperation and public assistance 
in an effective manner.
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 About   SCIENCE AND TECHNOLOGY FORESIGHT CENTER
I t is essential to enhance survey functions that underpin policy formulation in order for the science and technology administrative organiztions, with MEXT 
and other ministries under the general supervision of the Council for Science 
and Technology Policy, Cabinet office (CSTP), to develop strategic science and 
technology policy.
N ISTEP has established the Science and Technology Foresight Center (STFC) with the aim to strengthen survey functions about trends of important 
science and technology field.  The mission is to provied timely and detailed 
information about the latest science and technology trends both in Japan and 
overseas, comprehensive analysis of these trends, and reliable predictions of future 
science and technology directions to policy makers.
B eneath the Director are six units, each of which conducts surveys of trends in their respective science and technology fields.  STFC conducts surveys 
and analyses from a broad range of perspectives, including the future outlook for 
society.
T he research results will form a basic reference database for MEXT, CSTP, and other ministries.  STFC makes them widely available to private companies, 
organizations outside the administrative departments, mass media, etc. on NISTEP 
website.
The following are major activities:
1. Collection and analysis of information on science and technology trends through 
expert network
STFC builds an information network linking about 2000 experts of 
various science and technology fields in the industrial, academic and 
government sectors.  They are in the front line or have advanced 
knowledge in their fields.
Through the networks, STFC collects information in various science 
and technology fields via the Internet, analyzes trends both in Japan 
and overseas, identifies important R&D activities, and prospects the 
future directions.  STFC also collects information on its own terms 
from vast resources.
Collected information is regularly reported to MEXT and CSTP. 
Furthermore, STFC compiles the chief points of this information as 
topics for “Science and Technology Trends” (monthly report).
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2. Reserch into trends in major science and technology fields
Targeting the vital subjects for science and technology progress, 
STFC analyzes its trends deeply, and helps administrative 
departments formulate science and technology policies.
The research results are published as articles for “Science 
Technology Trends” (monthly report).
3. S&T foresight and benchmarking
S&T foresight is conducted every five years to grasp the direction of 
technological development in coming 30 years with the cooperation 
of experts in various fields.
International Benchmarking of Japan’s science and engineering 
research also implemented periodically.
The research results are published as NISTEP report.
Life Science Research Unit 
Information and Communications Research Unit 
Environment and Energy Research Unit 
Nanotechnology and Materials Research Unit 
Monodzukuri, Infrastructure, and Frontier Research Unit 
General Unit 
• General planning and coordination
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